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Forensic DNA Typing: Inception,
Methodology, and Technical Advancements

Kamayani Vajpayee, D. C. Sagar, and Hirak Ranjan Dash

Abstract

Forensic DNA typing has overpowered all other known methods in forensics.
Starting with the method which required a reasonably high amount of good
quality of DNA, time taking and a complex process, this little more than three
decade old technology has gone through much advancement to overcome these
issues. The chapter details different steps involved in forensic DNA typing from
its inception to the present including the advancements.

Keywords

Forensic DNA - STR - PCR - RFLP - Capillary electrophoresis

1.1 Introduction

In the 1891 novel, Sherlock Holmes, a fictional private detective said “it has long
been an axiom of mine that the little things are infinitely the most important” (Doyle
and Roden 1993). Certainly he would have never imagined that a thing as little as a
DNA molecule could become a powerful tool aiding the criminal justice system
(Jobling and Gill 2004). Gradually, the field of forensic genetics developed to solve
the legal issues like identification of the victims of mass disasters and
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individualization of the culprits of the crime through analysis of forensic DNA
(Giardina et al. 2011).

Earlier forensic scientists around the world were using the serological markers
like RBC antigens, enzymes and polymorphic serum proteins for solving the foren-
sic genetic case works using immunological assays and electrophoresis (Martin et al.
2001). The serological markers however did not prove to be a helping hand while
working with the forensic evidences like hair, semen, saliva, etc. The evidences
collected from a crime scene are limited in quantity and may be degraded, so only
handful of the information could be deciphered from them. In addition to this it went
difficult while accessing the biological evidences other than blood like hair and
semen as in the cases of sexual assault. Thus, the reports of forensic scientists lacked
sufficient amount of information that could help them reach a conclusion (Carracedo
and Sanchez-Diz 2005).

In 1985, while studying the genetic diseases in the lab of Leicester University, Sir
Allec Jeffery and his coworkers experienced “eureka” moment which has opened a
new gateway in the field of genetics. The technology was later named as genetic
profiling, DNA typing, or DNA fingerprinting. He observed polymorphism in
repetitive segment of genome using multi locus probes (DNA markers) (Roewer
2013). The DNA profiling technology was then tested for the very first time in a
forensic casework of the two young girls who were raped and murdered. The suspect
refused to accept his involvement in the murder of the second girl. The police then
chose to genetically profile the entire male population of the area and to match them
with the profile generated from the materials collected from crime scene. Unfortu-
nately, no match was found. Later Colin Pitchfork was overheard of saying how he
escaped this exercise by police. There the case got solved. With the advent of these
markers (DNA markers), a great sense of excitement and enthusiasm among the
forensic experts was felt. These technologies lead to a deep insight into the forensic
materials since DNA can be extracted from any biological evidence collected like
hair, semen, saliva, etc. Moreover, the technology could even access the degraded
material which serological markers failed to provide (Carracedo and Sanchez-Diz
2005). Thus, DNA profiling established itself as a gold standard in forensic science.

Mid of twentieth century seen several technological advancements relating to the
genetic markers which is still continuing till date. During inception of this technol-
ogy, restriction fragment length polymorphism (RFLP) was used as a pilot method
which uses hybridized DNA probes—multi locus and single locus DNA probes.

1.1.1 Restriction Fragment Length Polymorphism (RFLP)

In this method, the DNA molecule is treated with restriction enzymes. Restriction
enzymes have a characteristic property of cutting the DNA at specific base
sequences, the restriction sites. This results in the formation of DNA fragments of
variable length. Further, agarose gel electrophoresis is carried out to separate such
variable length DNA fragments followed by southern blotting. The fragments get
hybridized to short radio labeled probes and can be easily detected by radiography as
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bands. The loss or absence of such few restriction sites forms the basis of individu-
ality in humans. Thus, following this technique, a unique RFLP signature for an
individual can be generated. Forensic experts match such signatures originating from
different sources with the one lifted from the crime scene. The DNA probes most
importantly the single locus probes (SLPs) were routinely in this technique for
analyzing the paternity dispute cases.

By the mid of 1980s, variable number of tandem repeats (VNTR) mini satellite
loci became the common method for analysis of DNA. VNTR are the sequences
of few nucleotides commonly called as motifs which are repeated in variable number
of times in every DNA molecule. This variation in number of repeats creates a scope
of individualization among organisms. The mini satellites are the type of VNTR
sequences consisting of 9-100 bp sequences. Minisatellites which were widely in
forensic routine was D1S80 (pMCT118) and other probes like 33.15, 33.6,
pentameric CAC/GTG were also in use in countries like Germany, the USA, and
the UK.

For so long, the RFLP technology proved to be a reliable tool in DNA analysis
but it had few limitations which lead the research community for further discovery of
other markers. The limitations posed were the need of large quantity of
non-degraded DNA, cost-effectiveness, involvement of huge time and labor, and
requirement of much statistical work for analysis. These limitations were then
overcome by PCR-based markers (Primorac et al. 2000; Panneerchelvam and
Norazmi 2003; Roewer 2013; Grover and Sharma 2014).

1.1.2 PCR and Related Markers

The polymerase chain reaction (PCR) technique was invented by Kary Mullis in
1985. It allowed the in vitro amplification of DNA sequences using extension of the
complementary primers. The entire process or a single cycle involved—denaturation
of DNA strands caused by high temperature, annealing of complementary primer
and their extension. Since the temperature during the entire process remains very
high which is crucial for denaturation process to occur; a special type of DNA
polymerase, the Taq polymerase aids in extending DNA primers. It takes 25-30
cycles for a DNA segment to be amplified for precise analysis.

Earlier PCR-based marker systems used single nucleotide polymorphisms in
HLA-DQA1 GENET7. This system was based on detection of variations in DNA
using probes. But the discrimination power was low. New set of PCR markers were
the need of an hour. In the mid-1990s, the forensic community started using
microsatellites repeats. The microsatellite repeats are a class of VNTRs consisting
of 2-9 bp. The microsatellite VNTRs also called as short tandem repeats (STRs)
proved to have enormous discriminating power and thus, ideally suited for forensic
caseworks (Budowle et al. 1990; Panneerchelvam and Norazmi 2003; Carracedo and
Sanchez-Diz 2005).
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1.2 Forensic Application

Since the advancements in DNA typing technology, the forensic materials can now
be easily assessed for individuality. The first use of DNA fingerprinting in forensic
case work was witnessed in 1986. Sir Allec Jeffreys used the technique to verify the
suspect on a double rape and murder case. Robert Melias was the first suspect to be
identified and convicted by DNA fingerprint technology in 1987. The famous cases
of Glen Woodal v/s State of Virginia in 1992 and the multiple murder trial of
Timothy Wilson Spencer versus the state of Virginia in 1994 gave thrust to the
use of DNA fingerprinting in solving the forensic cases (Panneerchelvam and
Norazmi 2003).

In the present scenario the DNA technology is been used in both civil and
criminal cases. During a disaster or a crime the DNA evidence serves as corrobora-
tive evidence and aids in identification of the victim and criminal as the case maybe.
Meanwhile the DNA profiling also helps in civil disputes related to paternity and
kinship determination. With the advancement in the field of DNA typing
methodologies and its analysis DNA is now serving the criminal justice system
while solving the caseworks. In India several cases of kinship, paternity, murder, and
rape have now been solved with the help of DNA profiling technique (Verma and
Goswami 2014). Few of them are:

* Rajiv Gandhi Assassination case: Mr. Rajiv Gandhi, the ex-prime minister of
India was assassinated in 1991 using human bomb. The flesh collected from the
crime scene (The belt) was handed over to the forensic team who using DNA
typing methods proved the identity of the individuals involved. Similarly the case
associated with the assassination of Mr. Beant Singh, the Chief Minister of
Punjab, was solved using DNA profiling technology.

* Naina Sahani Tandoor case: The famous “Tandoor case” of India was also
solved using DNA typing methodology. Naina Sahani was a young lady. She was
murdered and the body was thrown in the “tandoor” oven. The charred body of
the lady was recovered by the police and the flesh and bones were analyzed for
DNA testing. The analysis proved that the body belonged to Naina Sahani.

* Santosh Kumar Singh vs. State: A young student named Ms. Priyadarshini
Mattoo was murdered by her friend in 2006. Since there was not any evidence
that could prove the culprit guilty, he was acquitted from the trail court. The blood
samples collected from the item found at crime scene and semen collected from
the lady’s undergarments was sent for DNA analysis. The High court on the basis
of the results of DNA profiling held the accused guilty of Ms. Mattoo’s murder.
The decision was also upheld by the apex court of India.

e Gautam Kundu case: The Gautam Kundu case of paternity issue is amongst the
important cases since it lead to the formulation of important guidelines explaining
the purpose and circumstances by Hon’ Supreme of India. The guidelines
included: “(1) that courts in India cannot order blood test as matter of course;
(2) wherever applications are made for such prayers in order to have roving
inquiry, the prayer for blood test cannot be entertained; (3) There must be a strong
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prima facie case in that the husband must establish non-access in order to dispel
the presumption arising under section 112 of the Evidence Act, 1872;
(4) The court must carefully examine as to what would be the consequence of
ordering the blood test; whether it will have the effect of branding a child as a
bastard and the mother as an unchaste woman; and (5) No one can be compelled
to give sample of blood for analysis.” These guidelines were asked to be
undertaken when DNA Evidence Acts were not framed (Panneerchelvam and
Norazmi 2003).

* N. D. Tiwari case: Rohit Shekhar born in 1979 claimed himself as the putative
son of Mr. N. D. Tiwari. Although his mother married another man in 1963, she
opted for divorce in 2006. As per the section 112 of the Indian Evidence Act,
1872, paternity can be decided but the court ordered for DNA test, a deviation
from the guidelines posed in Gautam Kundu case. The DNA analysis indicated
that N. D. Tiwari is the biological father of Rohit shekhar. Both parties agreed
upon settlement outside the court but the questions related to distribution of rights
and duties remained unanswered.

* The Black Buck Poaching Case of Jodhpur: It was in 1998 while shooting for a
movie in Jodhpur (India), a very famous cine star got accused of hunting the black
buck (endangered species). The samples of meat were analyzed and the DNA
study revealed the species of the animal. Further the number of animals hunted
was also established.

1.3  Methodology
1.3.1 STR-Based Technique

While working with the SLP and PCR methods scientists found novel method
involving variation within these minisatellites. The method was then termed as
MVR-PCR (minisatellite variant repeat). The technology, however, was compli-
cated. The analysis of mixed samples proved to be a tough task. These altogether
lead to research for new improved methods which could have a better discriminating
power and on the other hand are easy to analyze.

In 1992, STRs came into existence and were used to analyze forensic samples.
These STRs are microsatellite VNTRS having 2-9 nucleotides repeats. Soon they
became the basis of DNA analysis. The STRs, as regards to their structure, are either
complex STRs or simple STRs. The complex STRs show the property of
hypervariability and these are the loci which contains one or more than one run of
repeats having more than one repeat type. Whereas simple STR are the loci consists
of uninterrupted run of one repeat type. In simple STRs the rate of mutation remains
low and can be standardized easily. The STRs are thus selected on the basis of
certain criteria like robustness, size, and presence of artifacts for forensic use. The
STRs being small in size tend to remain stable which had simplified the analysis of
degraded age old DNA samples (Jobling and Gill 2004; Carracedo and Sanchez-
Diz 2005).



8 K. Vajpayee et al.

The STRs are polymorphic in nature. For each STR locus, the STR alleles are
found in variable number of repeat sequences, giving STRs a high discriminating
power. The experts hence agreed upon using more STR loci which will increase the
probability of presence of exact same number of repeat units amongst individuals to
almost rare.

The STRs alleles for a particular locus show codominant behavior. An individual
thus inherits one allele from mother and another from father. This forms the basis of
inclusion in paternity case works. In such cases, the STR alleles of the disputed
person are matched against the STR alleles of alleged father and mother and a perfect
match indicates the inclusion whereas a mismatch excludes them. Thus the discov-
ery of STRs proved to be a boon for forensic experts (Martin et al. 2001;
Panneerchelvam and Norazmi 2003).

The forensic groups from different countries started using various techniques for
STR typing. Earlier denaturing electrophoresis with native gel was used for the
analysis of STRs. The electrophoretic method of analysis was somehow prone to
errors thus hampers the analysis. Recently, multiplex technique for STR typing is
developed which uses primers probed with fluorescent dyes and DNA sequencers.
The technique allowed amplification of STR loci while separating them. Today
many commercial multiplexes are available in the market like SGM Plus (Applied
Biosystems), Promega (Madison, WI), Poweplex16 (Promega) and the Identifiler
(Applied Biosystems) (Martin et al. 2001).

1.3.2 Types of STR Markers

1.3.2.1 Sex Determining Markers

Determination of the sex from the biological evidence found from the crime scene is
a routine process in forensic laboratories. There are several methods of sex determi-
nation from the skeletal remains like skull, pelvic girdle, long bones, etc. But finding
a complete skull or a complete long bone with all the features leading to the
conclusion is impossible. To rescue, DNA typing technology emerges out as a
simple, rapid, and sophisticated method. The STR markers for sex determination
are found in Y and X chromosomes of the individual. These are called as
Amelogenin marker. Today, every commercial DNA typing kit includes
Amelogenin marker so as to determine sex in cases of sexual assault or mixed
samples. The gene Amelogenin produces several mRNAs which are processed in
various manners to generate a group of proteins. The proteins are responsible for
tooth enamel formation. In humans, this gene is found in X as well as in Y
chromosomes at p22.1-22.3 region and at Ypll.2 region, respectively. These
genes are subsequently called as AMELX and AMELY gene. The mutation in the
gene effects the enamel production (Amelogenesis imperfect). The Amelogenin
protein is synthesized maximally by AMELX. The two genes are homologous
(89%) and have highly conserved sequences between 2 and 6 exons. Thus, homo-
geneity and presence of distinguishing features they serve as reliable sex determin-
ing markers. The AMELX gene has a 6 bp deletion. Since females possess only X
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chromosome only a single fragment is observed whereas one fragments each of X
and Y is observed. This forms the basis of determination and differentiation between
male- and female-originated samples.

The Amelogenin being a reliable marker for sex determination also have few
drawbacks. Issues related with false positive results due to allele dropout, effects of
PCR inhibitors and failure to process degraded samples are being faced by experts
on daily basis (Dash et al. 2020).

1.3.2.2 Autosomal STR Markers

Autosomal STR markers show wide variation due to mutations, independent assort-
ment and recombination. Initially two STR loci, THO1 and vWA were in use. The
US federal bureau of Investigation (FBI) soon formed an Index system called
Combined DNA Index System or CODIS which included use of 13 STR loci for
investigation purpose. These were: CSF1PO, FGA, THO1, TPOX, vWA, D3S1358,
D5S818, D7S820, D8S1179, D13S317, D16S539, D18S51, and D21S11. Lately to
increase the usefulness of DNA fingerprinting technique seven ethnic group specific
markers were also added to the list. The newly added STR alleles were: D1S1656,
D2S441, D2S1338, D10S1248, D12S391, D19S433, and D22S1045 (Dash et al.
2019). The STR alleles included in the CODIS system are tetranucleotide repeats
except D22S51045 which is a trinucleotide repeat (Dash et al. 2019).

1.3.2.3 Y chromosome STR Markers

Human males exclusively have a haploid Y chromosome. This Y chromosome is
extremely helpful in solving forensics case works. The specific regions of the Y
chromosome can be looked for the features which can possibly differentiate them
with female counterparts. Such set of microsatellites found on Y chromosome are
collectively called as YSTRs. Since these are male specific they help in analysis of
the mixed samples-originating from both male and females in the case of rape, sexual
assault, or otherwise in the case of mass disaster. The Y STR typing in above said
cases can reveal about the male component. The Y STRs aids in better analysis of
degraded samples. Further, if the sample comes from an azospermic male, the Y
STR typing can establish his identity. Thus, the discriminatory power of Y STRs is
no less than Autosomal STRs.

Autosomal STRs are variable in nature as they are inherited following the law of
independent assortment, crossing over and recombination, whereas, Y STRs are
only prone to mutation. Hence, are less diverse in nature. The set of Y STRs that are
routinely practiced in labs are: DYS19, DYS389I, DYS3891I, DYS390, DYS391,
DYS392, DYS393, DYS385ab, DYS438, DYS439, DYS437, DYS448, DYS456,
DYS458, DYS635, and YGATAH4. YSTRs also have a drawback of having
patrilineal occurrence. In case of a match, the whole male lineage of the family
comes under question. But such patrilineal characteristic on other hand could aid in
individualizing the missing person or the victim of a mass disaster (Jobling and Gill
2004; Giardina et al. 2011).
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1.3.2.4 X-STR Analysis

In certain complex cases such as kinship analysis as well as cases with limitations of
reference samples, autosomal STR analysis alone cannot give a definitive conclu-
sion. In such a scenario, analysis of STRs located on sex chromosomes becomes
imperative. Thus, analysis of X-STRs plays a significant role in forensic DNA
typing. As men are hemizygous and women are dizygous, men receive single X
from their mother. This unique inheritance pattern of X chromosome makes its
suitability in deciphering the deficient paternity cases. For a disputed girl child,
X-STR analysis between the father and daughter can be performed. However, it
cannot be performed for a male child in paternity dispute case due to non-inheritance
of X chromosome from father. The analysis of X-STR in supplement with autosomal
STR analysis increases the discrimination power besides affecting the paternity
exclusion probability. It is useful in the analysis of complex kinship cases such as
paternal half-sisters, paternal aunt/uncle-niece, and maternal uncle-nephew. X-STR
analysis is highly useful in incestuous relationships involving grandparent, half-
sibling, and uncle/aunt by distinguishing between such relationships. However, the
major limitation of X-STR analysis is that as all X-STR markers represent on same X
chromosome, it leads to linkage disequilibrium among them due to linkage. Addi-
tionally, the currently available X-STR kits harbor a limited number of markers and
generate a large amplicon size.

1.3.3 mtDNA Analysis

The mitochondrion is a semi-autonomous organelle found in every cell type (except
the RBCs) in the organism. They have their own circular DNA molecule called
mitochondrial DNA (mtDNA). The mtDNA consists of 16,569 nucleotide pairs and
acts as an important tool for forensic scientists. The mtDNA, similar to Y chromo-
some, is a lineage molecule. It is maternally inherited and is found in high copy
number within the cell. The copy number ranges from 100 to 10,000 per cell.
Mitochondrial DNA resists the phenomenon of independent assortment, recombina-
tion, and crossing over. The only process which lies behind the variation in mtDNA
is high rate of mutation, making the mtDNA molecule less diverse in nature. In
mtDNA molecule, the variation among the individual is seen in the hypervariable
regions present in the control region or the D loop. The nucleotide repeats in these
hypervariable regions are highly polymorphic. The hypervariable regions are found
in two segments denoted as HV-I and HV-II. The HV-I region also called as low
resolution segment ranges from 16,024 to 16,383 bp whereas the HV-II segment is
called as high resolution segment and is numbered from 57 to 372. Thus, the
molecule has high discriminating power.

The mtDNA typing is considered beneficial in the cases where long aged DNA
samples are to be analyzed or the sample is degraded to such an extent that nuclear
genome (nuDNA) cannot be analyzed. The mtDNA is present in high copy number
and hence the chance of recovery surpasses to that of nuclear DNA (nuDNA).
MtDNA analysis also aids in the interpretation of samples like hair shafts or
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Table 1.1 List of databases useful for mtDNA analysis

S. No. | Mitochondrial DNA websites Links

1 Armed Forces DNA Identification | http://www.afip.org/Departments/oafme/dna/
Laboratory (AFDIL)

2 EMPOP Mitochondrial DNA http://www.empop.org
Control Region Database

3 FBI Laboratory DNA Unit II http://www.fbi.gov/hq/lab/org/dnau.htm
Human Mitochondrial Protein http://bioinfo.nist.gov/
Database

5 Mitochondria Research Society http://www.mitoresearch.org/
Mitochondrion (Journal of the http://www.sciencedirect.com/science/journal/
Mitochondria Research Society) 15677249

7 Mitomap—A Human http://www.mitomap.org/
Mitochondrial Genome Database

8 Mitotyping Technologies http://www.mitotyping.com

9 mtDB—Human Mitochondrial http://www.genpat.uu.se/mtDB/
Genome Database

10 mtDNA Manager http://mtmanager.yonsei.ac.kr

11 SWGDAM mtDNA Database http://www.fbi.gov/about-us/lab/forensic-

science-communications/fsc/april2002/index.
htm/miller].htm
12 SWGDAM Guidelines for http://www.swgdam.org

mtDNA Interpretation

bones, where the nuDNA is fragmented upto such an extent so that its analysis
becomes cumbersome. Cases of missing and mass disaster can be solved using
mtDNA typing technique as they are maternally inherited. The websites useful for
mitochondrial DNA analysis is listed in Table 1.1.

Though the mtDNA typing seems to be a beneficial tool in identification but like
Y chromosome typing it too has got its limitations. The mtDNA typing procedure in
a laboratory requires more skill and care with regards to the contamination. The
molecule gets easily contaminated and would result in mis-analysis. Due to its
matrilineal inheritance it is found present in all the members of matriline. The
property of heteroplasmy also hinders the application of mtDNA typing. Moreover,
the typing methodology is time taking and costly. Thus, making it a complex process
and is only practiced when traditional nuDNA typing fails (Jobling and Gill 2004;
Roewer 2013).

1.4  Advancements in DNA Typing Technology

DNA typing or the DNA profiling refers to the process of determining the sequence
of nucleotides in the genome of an individual. The nucleotide sequence is analyzed
for genetic variations among the individuals. The DNA typing involves isolation of
DNA from the cell, quantification, amplification, and sequencing. With the advance-
ment in the field of molecular biology and genetics, the tools to extract DNA
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Fig. 1.1 Steps of routine
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simultaneously became rapid, cost effective. Starting from the manual DNA extrac-
tion procedure used by Friedrich Miescher, the process modified several times by
research groups around the globe. Now there are techniques available which extract
sufficient amount of DNA even from tough biological samples like bone and teeth.
These advancements were accompanied by modifications in amplification process
by PCR. The PCRs now days, use high quality efficient polymerases which can also
withstand high temperatures. Thus, provides a better typing methodology (Fig. 1.1).

1.4.1 Advancements in DNA Extraction Methodologies

The first step in DNA profiling is the DNA isolation/extraction process. The process
involves sequential steps to isolate DNA from the cell/nucleated sample. Since DNA
typing involves the analysis of DNA, the DNA extraction process should be such
that enough and sufficient amount of DNA can be isolated and the chemicals
involved in the process do not interact with the DNA so as to hamper its integrity.
Techniques ideal to various types and forms of forensic samples have been devel-
oped. Forensic laboratories practice several manual methods to extract DNA
automated techniques as per the requirement of the sample to be analyzed. The
various techniques can be briefly described as under:

1.4.1.1 Manual Techniques

The manual technique of DNA extraction requires the physical extraction of DNA
from the sample using combination of chemicals and enzymes. DNA can be
extracted manually by using any of the two methodologies—organic extraction of
DNA in phenol-chloroform solution or the salting out method given by miller
in 1988.

Organic Extraction of DNA

The phenol-chloroform method of DNA isolation relies on the principle of liquid—

liquid extraction of biomolecules. The DNA is isolated based on its solubility in

aqueous phase, leaving the debris and other protein parts of the cell in organic phase.
The procedure involves cell lysis by digesting the cellular proteins and other

biomolecules present with the help of sodium dodecylsulfate commonly known as

SDS and proteinase K. To partition the solution into organic and aqueous phase a
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mixture of phenol:chloroform:isoamyl alcohol in the ratio of 25:24:1 is added. This
leads to the separation of DNA molecule which can be easily purified by centrifuga-
tion. Another method of purification could be by using chilled ethanol which
precipitates the DNA.

This is a reliable method of DNA extraction as the double stranded DNA
molecule can be recovered which is preferably best suited for RFLP method of
DNA typing. Being an advantageous process it also have some of the limitations
like, the method is time consuming, uses a lot of hazardous chemicals (McKiernan
and Danielson 2017; Kochl et al. 2005).

Salting Out Method
Salting out method was proposed by Miller in 1988 as a method which outcomes the
limitations of the phenol-chloroform method of DNA extraction. As per Miller, it is a
safe and inexpensive method which has modified the de-proteinization part of DNA
isolation. The method relies on the fact that the cellular proteins can be precipitated
out using NaCl Solution. In this method the cell is lysed using lysis buffer which
contains 10 mM Tris-HCI, 400 mM NaCl and 2 mM Na,EDTA, pH 8.2. The cell
lysates are then incubated at 37 °C with 0.2 mL of 10% SDS and 0.5 mL of a
protease K solution (1 mg protease K in 1% SDS and 2 mM Na,EDTA) for
digestion. 1 mL of concentrated NaCl (6 M) is added to it followed by vigorous
shaking for about 10-15 s. The above solution is taken for centrifugation (2500 rpm
for 15 min). The supernatant is then transferred to another test tube and chilled
ethanol is added to it for purification. The precipitated DNA strand can then be
separated out using a pipette and is transferred to another test tube having
100-200 mL TE buffer (10 mM Tris-HCl, 0.2 mM Na,EDTA, pH 7.5). This method
thus allows the isolation of double stranded DNA without using the toxic reagents
(Miller et al. 1988).

Few other researchers have modified the salting out procedure of DNA extraction
either by using sodium hydroxide (Klintschar and Neuhuber 2000) or by using
temperature resistant proteinase to denature proteins (Moss et al. 2003).

1.4.1.2 Automatic and Semiautomatic Techniques

Column-Based Approach

The column-based approach is one of the solid-phase extraction in which the DNA is
adsorbed over the silica bed layered on to the glass beads using highly concentrated
guanidine salts like guanidine hydrochloride, guanidine isothiocyanate, or sodium
iodide. These salts tend to dehydrate the proteins resulting in stable binding of the
DNA. After this, the low ionic solution with pH more than 7.5 is allowed to flow
through the spin column which will efficiently elute the DNA out from the silica bed
(Tereba et al. 2004; Duncan et al. 2003; Boom et al. 1990; Vogelstein and Gillespie
1979). Spin columns from Qiagen (QIAamp® spin columns) are available in the
market which uses this methodology to separate the DNA from cell debris
(McKiernan and Danielson 2017; Butler 2012a, b).
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Magnetic Beads Based Approach

Magnetic beads based approach to DNA isolation is another type of solid-phase
extraction. Unlike column based methods this approach uses magnets to isolate
DNA. It uses the paramagnetic resin bed coated with silica and DNA is separated
onto it. Products like DNA IQ system marketed by Promega Corporation, works on
this format. The technique follows the binding of DNA molecule to magnetic beads
in the presence of highly ionic solutions with low pH. The DNA bound magnetic
beads are then drawn to the bottom of the test tube using a magnet. This in turn
leaves all the impurities, cell debris, proteins, etc. in the solution. The magnetic
beads are then washed several times so as to recover the isolated DNA efficiently.
Another product from Applied Biosystems named PrepFiler has been designed to
work on the similar fashion. It uses magnetic beads smaller to the ones used by the
DNA IQ system. The size of beads enables the efficient DNA binding since they
provide the large surface area.

The magnetic bead approach to DNA isolation is a rapid and simple methodol-
ogy. The magnetic bead method has been automated and used by several forensic
laboratories (Greenspoon et al. 2004). Some of the workstations automated for DNA
IQ system are Beckman 2000 robot workstation, Maxwell 16 robot (Promega
Corporation), and Tecan liquid-handling robots which provides high throughoutput.
Prepfiler has also been validated (Barbaro et al. 2009; Brevnov et al. 2009) and
Technologies like Tecan Freedom EVO automated liquid-handling workstation,
AutoMate Express Forensic DNA Extraction System by Applied Biosystems and
BTA (bone, teeth, adhesive) lysis buffer protocol have also been developed to
extract DNA efficiently from tough samples (Butler 2012a, b).

The method though enables the rapid isolation of DNA, it also prevents and filters
out the hazardous chemicals and makes the extraction process safe. One the other
hand if any chemical or the substance hinders the binding of DNA to magnetic beads
the whole process of DNA isolation fails. Further it does not involves transfer of
solutions from a vial to another, reducing the chance of contamination (McKiernan
and Danielson 2017; Butler 2012a, b; Tan and Yiap 2009).

FTA-Based Technique

Burgoyne in 1994 described the use of FTA paper to store DNA. The paper is made
up of cellulose fibers and contains chemical which preserves DNA for longer period
of time (Burgoyne 1996). The bactericidal enzyme in the paper prevents the growth
of bacteria. To isolate the DNA, a small section of stain containing FTA paper is
punched out and is washed briefly and the DNA can be purified using FTA purifica-
tion reagent. The bound heme and other proteins elute out in the supernatant. Since
the application of stain on FTA paper causes the cells to lyse, the DNA gets bound to
the fibers of the paper, preserved. This DNA can now be isolated using techniques
like chelex or can be directly used in PCR (Lorente et al. 1998; Kline et al. 2002).
Several robotic automated workstations have been developed which isolate DNA
from FTA paper. The methodology is not as easy as it seems—the static energy
between the paper and the plastic well makes it difficult to stay (Butler 2012a, b).
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Chelex Technique

In 1991, forensic community started using ion exchange resins for DNA isolation.
Chelex 100 resin from Bio Rad was amongst the few popular resins. Chelex 100 was
a copolymer of styrene divinylbenzene copolymer along with paired iminodiaetate
ions. As per the protocol provided by Walsh et al. the sample is directly added to the
chelex resin. The mixture is now heated which in turns denatures the DNA and helps
in cell lysis. With the help of centrifugation the resin along with cell debris is
removed and the DNA is contained in the supernatant. This supernatant can directly
be used in PCR. In this approach the resin chelates the divalent ions and thereby
deactivates the nucleases. Although the technique fails to filter out the contaminants
present in sample like heme. It proves to be a simple, single step and rapid procedure
to extract single stranded DNA. This method of DNA extraction is simple, rapid, and
avoids contamination of the DNA. The main disadvantage of the technique lies in its
failure to filter out the contaminants present in sample like heme (McKiernan and
Danielson 2017; Elkins 2013; Butler 2012a, b; Walsh et al. 1991).

1.4.2 Advancements in PCR Technique

Most of the currently available amplification kits available today contain the
recommended global core STR loci. These kits have a high level of tolerance to
potential PCR inhibitors. Besides they can amplify the STR loci from the degraded
samples. The extensive list of PCR kits commercially available now-a-days along
with their marker features is given in Table 1.2.

1.4.3 Capillary Electrophoresis and Analysis

Capillary electrophoresis is a technique used by the forensic experts to separate and
analyze the STRs present in the sample DNA. Applied Biosystems, introduced the
technology for the very first time in 1995. The technology was called as the single-
capillary ABI Prism 310 Genetic Analyzer. Ever since many technologies on the
similar platforms were developed namely: 3100, 3130, 3700, 3730, and 3500 series.
The instrument works on the principle of separation of DNA molecule while moving
inside the gel filled capillary, under the effect of electric field. The liquid media
forms a sieve-like structure through which the DNA fragments pass. The smaller
fragment will pass with an ease and will take smaller amount of time to pass through
the capillary as compared to the larger fragments. Hence, the fragments get separated
on the basis of their migration speed. To aid in detection, the fragments are
fluorescent labeled. The instrument consists of—a narrow capillary made primarily
of glass having internal diameter of 50 pm, vials for the buffer (2 in number),
electrodes, power supply, laser source (excitation), sample injector, and detector.
The whole instrument is connected to a computer for storage of data and analysis.
The capillaries range from 30 to 80 cm in length. To start with the process, the
capillaries are filled with the viscous fluid media. The fluid serves as a medium
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Table 1.2 List of commercially available STR genotyping kits and their marker features

S. No.
1

Name of the kit

AmpFISTR®
Identifiler® kit

AmpFISTR®
Identifiler® Plus
kit

AmpFISTR®
Identifiler® Direct
kit

AmpFISTR®
MiniFiler™ kit

AmpFISTR®
NGM™ kit

AmpFISTR®
NGM SElect™ kit

AmpFISTR®
NGM SElect™
Express

AmpFISTR®
NGM Detect™ kit

GlobalFiler™ kit

List of STR markers

D8S1179, D21S11, D7S820,
CSF1PO, D3S1358, THO1, D13S317,
D16S539, D2S1338, D19S433, vWA,
TPOX, D18S51, Amelogenin,
D5S818, FGA

CSF1PO, D2S1338, D3S1358,
D5S818, D7S820, D8S1179,
D13S317, D16S539, D18S51,
D19S433, D21S11, FGA, THO1,
TPOX, vWA, Amelogenin

D8S1179, D21S11, D7S820,
CSF1PO, D3S1358, THO1, D13S317,
D16S539, D2S1338, D19S433, vWA,
TPOX, D18S51, D5S818, FGA,
Amelogenin

CSF1PO, FGA, D16S539, D18S51,
Amelogenin, D2S1338, D21S11,
D7S820

D3S1358, vWA, D16S539, D2S1338,
D8S1179, D21S11, D18S51,
D19S433, THO1, FGA, D1S1656,
D12S391, D10S1248, D22S1045,
D2S441, Amelogenin

D3S1358, vWA, D16S539, D2S1338,
D8S1179, D21S11, D18S51,
D19S433, THO1, FGA, Amelogenin,
D10S1248, D22S1045, D2S441,
D1S1656, D12S391, SE33

D3S1358, vWA, D16S539, D2S1338,
D8S1179, D21S11, D18S51,
D19S433, THO1, FGA, Amelogenin,
D10S1248, D22S1045, D2S441,
DI1S1656, D12S391, SE33

FGA, THO1, vWA, D3S1358,
D8S1179, D18S51, D21S11,
D12S391, D1S1656, D2S441,
D10S1248, D22S1045, D16S539,
D2S1338, D19S433, SE33, 1QCS,
IQCL, Y indel, Amelogenin
D3S1358, vWA, D16S539, CSF1PO,
TPOX, D8S1179, D21S11, D18S51,
D2S441, D19S433, THO1, FGA,
D22S1045, D5S818, D13S317,
D7S820, SE33, D10S1248, D1S1656,
D12S391, D2S1338, Amelogenin,
DYS391, Y indel

Manufacturer’s Name
and Address

ThermoFisher
Scientific, Foster City,
CA, USA

ThermoFisher
Scientific, Foster City,
CA, USA

ThermoFisher
Scientific, Foster City,
CA, USA

ThermoFisher
Scientific, Foster City,
CA, USA
ThermoFisher
Scientific, Foster City,
CA, USA

ThermoFisher
Scientific, Foster City,
CA, USA

ThermoFisher
Scientific, Foster City,
CA, USA

ThermoFisher
Scientific, Foster City,
CA, USA

ThermoFisher
Scientific, Foster City,
CA, USA

(continued)
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Table 1.2 (continued)

S. No.
10

12

13

14

15

Name of the kit

GlobalFiler™
Express kit

VeriFiler™
Express kit

AmpFISTR®
Yfiler® kit

AmpFISTR®
Yfiler® Direct kit

Yfiler™ Plus kit

PowerPlex® 18D
System

PowerPlex®
21 System

List of STR markers

D3S1358, vWA, D16S539, CSFIPO,
TPOX, D8S1179, D21S11, D18S51,

D2S441, D19S433, THOL, FGA,
D22S1045, D5S818, D13S317,

D7S5820, SE33, D10S1248, D1S1656,

D12S391, D2S1338, Amelogenin,
DYS391, Y indel

D3S1358, vWA, D16S539, CSFIPO,
TPOX, D8S1179, D21S11, D18S51,

D2S441, D19S433, THO1, FGA,
D22S1045, D5S818, D13S317,
D7S5820, D10S1248, D1S1656,
D12S391, D251338, D6S1043,
Penta D, Penta E, Y indel,
Amelogenin

DYS19, DYS385a/b, DYS389I/I,
DYS390, DYS391, DYS392,
DYS393, DYS438, DYS439,
DYS437, DYS448, DYS456,
DYS458, DYS635 (YGATACA4),
YGATAH4

DYS19, DYS385a/b, DYS389I/11,
DYS390, DYS391, DYS392,
DYS393, DYS438, DYS439,
DYS437, DYS448, DYS456,
DYS458, DYS635 (YGATACA4),
YGATAH4

DYS576, DYS3891, DYS635,
DYS3891I, DYS627, DYS460,
DYS458, DYS19, YGATAH4,
DYS448, DYS391, DYS456,
DYS390, DYS438, DYS392,
DYS518, DYS570, DYS437,
DYS385 a/b, DYS449, DYS393,
DYS439, DYS481, DYS387S1,
DYS533

D18S51, D21S11, THO1, D3S1358,

FGA, TPOX, D8S1179, vWA,
CSF1PO, D16S539, D7S820,
D13S317, D5S818, Amelogenin,
Penta E, Penta D, D2S1338, and
D19S433

Amelogenin, D1S1656, D2S1338,
D3S1358, D5S818, D6S1043,
D7S820, D8S1179, D12S391,
D13S317, D16S539, D18S51,
D19S433, D21S11, Amelogenin,
CSF1PO, FGA, Penta D, Penta E,
THO1, TPOX, and VWA

Manufacturer’s Name
and Address

ThermoFisher
Scientific, Foster City,
CA, USA

ThermoFisher
Scientific, Foster City,
CA, USA

ThermoFisher
Scientific, Foster City,
CA, USA

ThermoFisher
Scientific, Foster City,
CA, USA

ThermoFisher
Scientific, Foster City,
CA, USA

Promega Corporation,
Madison, WI

Promega Corporation,
Madison, WI

(continued)
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Table 1.2 (continued)

S. No.
17

18

19

20

21

22

23

24

Name of the kit
PowerPlex® CS7
System

PowerPlex® ESX
16 and ESI 16 Fast
Systems

PowerPlex® ESX
17 and ESI 17 Fast
Systems

PowerPlex®
Fusion 6C System

PowerPlex®
Fusion System

PowerPlex® Y23
System

Investigator
24plex QS Kit

Investigator
24plex GO! Kit

List of STR markers

LPL, F13B, FESFPS, F13A01,
Penta D, Penta C, and Penta E

DI18S51, D21S11, THO1, D3S1358,
Amelogenin, D16S539, D2S1338,
DI1S1656, D10S1248, FGA,
D8S1179, vWA, D22S1045,
D19S433, D12S391, and D2S441

D3S1358, D8S1179, D18S51,
D21S11, FGA, THO1, vWA, D2S441,
D10S1248, D22S1045, D1S1656,
D12S391, D2S1338, D16S539,
D19S433, SE33, and Amelogenin

CSFI1PO, FGA, THO1, vWA,
D1S1656, D2S1338, D2S441,
D3S1358, D5S818, D7S820,
D8S1179, D10S1248, D12S391,
D13S317, D16S539, D18S51,
D19S433, D21S11, Amelogenin,
DYS391, Penta D, Penta E,
D22S1045, TPOX, SE33, DYS570,
DYS576

CSFI1PO, FGA, THO1, TPOX, vWA,
D3S1358, D5S818, D7S820,
D8S1179, D13S317, D16S539,
D18S51, D21S11, D10S1248,
D22S1045, D2S441, D1S1656,
D12S391, Amelogenin, DYS391,
Penta D, Penta E, D2S1338, D19S433

DYS576, DYS389I/11, DY S448,
DYS19,DYS391, DYS481, DYS549,
DYS533, DYS438 (penta), DYS437,
DYS570, DYS635, DYS390,
DYS439, DYS392, DYS643 (penta),
DYS393, DYS458, DYS385a/b,
DYS456, and Y-GATA-H4

Amelogenin, THO1, D3S1358, vWA,
D21S11, TPOX, DYS391, D1S1656,
D12S391, SE33, D10S1248,
D22S1045, D19S433, D8S1179,
D2S1338, D2S441, D18S51, FGA,
QS1, D16S539, CSF1PO, D13S317,
D5S818, D7S820, QS2

Amelogenin, THO1, D3S1358, vWA,
D21S11, TPOX, DYS391, D1S1656,
D12S391, SE33, D10S1248,
D22S1045, D19S433, D8S1179,
D2S1338, D2S441, D18S51, FGA,
QS1, D16S539, CSF1PO, D13S317,
D5S818, D7S820, QS2

K. Vajpayee et al.

Manufacturer’s Name
and Address

Promega Corporation,
Madison, WI

Promega Corporation,
Madison, WI

Promega Corporation,
Madison, WI

Promega Corporation,
Madison, WI

Promega Corporation,
Madison, WI

Promega Corporation,
Madison, WI

QIAGEN, Hilden,
Germany

QIAGEN, Hilden,
Germany

(continued)
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Table 1.2 (continued)

S. No.
25

26

27

28

29

30

31

32

33

Name of the kit

Investigator
ESSplex SE QS
Kit

Investigator
ESSplex SE GO!
Kit

Investigator
ESSplex SE Plus
Kit

Investigator
ESSplex Plus Kit

Investigator
IDplex Plus Kit

Investigator
IDplex GO! Kit

Investigator Argus
X-12 QS Kit

Investigator
HDplex Kit

Investigator Argus
Y-12 QS Kit

List of STR markers

QS1, Amelogenin, THO1, D3S1358,
vWA, D21S11, QS2, D163539,
D1S1656, D19S433, SE33,
D10S1248, D22S1045, D12S391,
D8S1179, D2S1338, D2S441,
D18S51, FGA

Amelogenin, THO1, D3S1358, vWA,
D21S11, D16S539, D1S1656,
D19S433, SE33, D10S1248,
D22S1045, D12S391, D8S1179,
FGA, D2S1338, D2S441, D18S51

Amelogenin, THO1, D3S1358, vWA,
D21S11, D16S539, D1S1656,
D19S433, D8S1179, D2S1338,
D10S1248, D22S1045, D12S391,
FGA, D2S441, D18S51

Amelogenin, THO1, D3S1358, vWA,
D21S11, D16S539, D1S1656,
D19S433, D8S1179, D2S1338,
D10S1248, D22S1045, D12S391,
FGA, D2S441, D18S51

Amelogenin, THO1, D3S1358, vWA,
D21S11, TPOX, D7S820, D19S433,
D5S818, D2S1338, D16S539,
CSF1PO, D13S317, FGA, D18S51,
D8S1179

Amelogenin, THOL, D3S1358, vWA,
D21S11, TPOX, D7S820, D19S433,
D5S818, D2S1338, D16S539,
CSF1PO, D13S317, FGA, D18S51,
D8S1179

QS1, Amelogenin, DXS10103,

DXS8378, DXS10101, DXS10134,
DXS10074, DXS7132, DXS10135,
DXS7423, DXS10146, DXS10079,
DXSHPRTB, DXS10148, D21S11

Amelogenin, D7S1517, D3S1744,
D12S391, D2S1360, D6S474,
D4S2366, D8S1132, D552500,
D18S51, D21S2055, D10S2325,
SE33

DYS439, DYS437, DYS390,
DYS385, DYS391, DYS389-1,
DYS19, DYS389-11, DYS393,
DYS438, DYS392

Manufacturer’s Name
and Address

QIAGEN, Hilden,
Germany

QIAGEN, Hilden,
Germany

QIAGEN, Hilden,
Germany

QIAGEN, Hilden,
Germany

QIAGEN, Hilden,
Germany

QIAGEN, Hilden,
Germany

QIAGEN, Hilden,
Germany

QIAGEN, Hilden,
Germany

QIAGEN, Hilden,
Germany

(continued)
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Table 1.2 (continued)

S. No.
34

35

36

37

38

39

40

41

Name of the kit
COrDIS Plus kit

COrDYS-Y kit

COrDX kit

iPLEX-STR™ Kit

iPLEX-STR™ Y
Kit

iPLEX X Kit

SureID® 23comp
Human DNA
Identification Kit

SureID® 21G
Human STR
Identification Kit

List of STR markers

D3S1358, D5S818, D7S820,
D8S1179, D13S317, D16S539,
D18S51, D21S11, CSFIPO, FGA,
THOI1, TPOX, VWA, D1S1656,
D2S441, D10S1248, D12S391,
D22S1045 and SE33, Amelogenin

DYS19, DYS389I/11, DYS390,
DYS391, DYS392, DYS393, and
DYS385 a/b, DYS438 and DYS439,
DYS437, DYS456, DYS635,
DYS448, DYS576, DYS481,
DYS449

DXS10148, DXS10135, DXS8378,
DXS7132, DXS10079, DXS10075,
DXS10074, DXS10103, HPRTB,
DXS10101, DXS10146, DXS8377,
DXS10134, DXS7423

Amelogenin, D3S1358, THO1,
D12S391, D1S1656, D10S1248,
D2S441, D7S820, D13S317, FGA,
TPOX, D18S51, D16S539, D8S1179,
CSF1PO, D5S818, vWA, D21S11,
SE33

DYS19, DYS3891, DYS3891I,
DYS390, DYS391, DYS392,
DYS393, DYS385 a/b, DYS438,
DYS439, DYS437, DYS456,
DYS635, DYS448, DYS576,
DYS481, DYS449

DXS10148, DXS10135, DXS8378,
DXS7132, DXS10079, DXS10075,
DXS10074, DXS10103, HPRTB,
DXS10101, DXS10146, DXS8377,
DXS10134, DXS7423

Amelogenin, D18S1364, D1S1656,
D13S325, D9S1122, D4S2366,
D3S1744, D12S391, D11S2368,
D21S2055, D20S482, D8S1132,
D7S3048, D2S441, D19S253,
D10S1248, D17S1301,
D22-GATA198B05, D16S539,
D6S474, D14S1434, D15S659

CSF1PO, FGA, THO1, TPOX, VWA,
D3S1358, D5S818, D7S820,
D8S1179, D13S317, D16S539,
D18S51, and D21S11, D12S391,
D19S433, D1S1656, D2S1338,
D6S1043, Penta E, Penta D,
Amelogenin

K. Vajpayee et al.

Manufacturer’s Name
and Address

Gordiz, Moskva,
Russia

Gordiz, Moskva,
Russia

Gordiz, Moskva,
Russia

Independent
Forensics, 500 Waters
Edge Lane, Lombard

Independent
Forensics, 500 Waters
Edge Lane, Lombard

Independent
Forensics, 500 Waters
Edge Lane, Lombard

HEALTH Gene
Technologies
Co. Ltd., China

HEALTH Gene
Technologies
Co. Ltd., China

(continued)
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Table 1.2 (continued)

Manufacturer’s Name

S. No. | Name of the kit List of STR markers and Address

42 SureID® 27Y DYS456, DYS576, DYS570, HEALTH Gene
Human STR DYS481, DYF387S1, DYS627, Technologies
Identification Kit DYS458, DYS460, DYS437, Co. Ltd., China

DYS439, DYS392, DYS385,
DYS393, DYS391, DYS390,
DYS456, DYS635, DYS449,
DYS533, DYS438, DYS3891,
DYS448, DYS389I1, DYS19,
GATA_H4, DYS518

43 DNATyper™15 D6S1043, D21S11, D7S820, Institute of Forensic
PCR Genotyping CSF1PO, D2S1338, D3S1358, Science, Ministry of
System D13S317, D8S1179, D16S539, Public Security,
Penta E, D5S818, vWA, D18S51, Beijing, China

FGA, Amelogenin

through which fragments pass. The sample is injected via electrokinetic injection
ports. These injection ports allow high resolution in short distances.

The sample from PCR is mixed with the STR typing kits available in the market
and is diluted so that the sample does not interfere with the electrokinetic injection
process. To ensure DNA denaturation sufficient amount of formamide is added to
sample mix. The sample is now allowed to separate using the high voltage across the
electrodes. The factors effecting the movement and thus separation of the DNA
fragments are the polymer matrix, capillary dimensions, buffer used (100 mmol/L N-
tris-(hydroxymethyl)-methyl-3-aminopropane-sulfonic acid and 1 mmol/L EDTA,
pH 8.0). The polymer solutions generally in use are POP-4, POP-6 and POP-7 with
urea (performance optimized polymer). These are un-cross linked liner polymers of
dimethyl polyacrylamide with 4% and 6% concentrations, respectively. The
fragments are detected by the fluorescent detectors namely a photomultiplier tube
(PMT) or a charge-coupled device (CCD) and is measured in relative fluorescence
units (RFU). The PCR primers are fluorescent labeled and hence the dye gets
incorporated into the DNA fragments. With each fragment passing the window—
carved in the capillary, the laser is focused upon them—illuminating the DNA. The
signals are captured by the detectors and are plotted as peaks (Butler 2012a, b).

1.5 SNP-Based Typing

Single nucleotide polymorphisms are the single base pair (biallelic) variations such
as insertions, deletions, and substitutions found in the genome of an individual.
SNPs are diverse in nature and estimated to occur once in every 1000 bp. They are
the commonly occurring polymorphism in the human genome. The SNPs occur at
coding as well as noncoding gene sequences. The forensically important SNPs occur
mainly in noncoding regions of the genome. Apart from being useful to forensic
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community they aid in understanding ancestry and population genetics. It is thought
that SNPs are the future of DNA typing methodologies and will soon replace the use
of STRs in laboratories. The forensic community is more inclined toward use of
SNPs despite of STRs in analysis since they are biallelic hence degraded forensic
samples requiring small amplicons can be analyzed smoothly. Further, these are less
prone to mutations compared to STRs. SNPs can be readily used with high perfor-
mance techniques—required for large DNA databases. This feature also aids in
interpretation of the cases which require analysis of Y chromosome and mtDNA
typing. Since SNPs can occur in coding region of genome, a single variation may
cause change in phenotype of an individual. Thus, in future SNPs can aid in
phenotyping of individuals. For forensic purposes SNPs can be grouped as—
(1) Identity-testing SNPs: SNPs used for individualization. These require being
heterozygous and having low inbreeding coefficient. (2) Lineage SNPs— these are
the group of linked SNPs also called as haplotype markers and are useful in missing
cases. (3) Ancestry informative SNPs—These SNPs aid in establishing phenotypic
identity on the basis of ancestry. These have low heterozygosity and high inbreeding
coefficient. (4) Phenotype informative SNPs— the SNPs from which phenotypic
characters can be inferred like eye color, skin color, etc.

These SNPs are regularly typed in forensic laboratories where forensic sample is
either degraded or is age old. The results are then compared with reference which
establishes the identity of the individual. There are several methods for SNP typing.
Each laboratory has its own framework and as per the requirement of the case the
method of choice is adapted. The chosen method needs to be highly accurate,
sensitive. SNP typing methods constitute any one of the molecular mechanism
among allele-specific hybridization, primer extension, oligonucleotide ligation, and
invasive cleavage. The detection method may however depend on the type of
method chosen. A set of 50-75 SNPs is used in forensic caseworks for analysis.
However, the number of SNPs required depends on the type of sample. Some
samples require large number of SNP markers whereas few samples require a very
small number of markers. A core group of SNPs are selected by European Consor-
tium SNPforID (Growth Program GRD1-2002-71802) based on linkage, validation,
quality, and polymorphism. Several strategies while choosing the SNPs for Y
chromosome, autosomal chromosome are being introduced to upgrade the
technologies (Table 1.3). The PCR amplification acts as a limiting factor in the
SNP typing technology (Sobrino et al. 2005; Budowle and van Daal 2008; Salwa
Teama 2018).

1.6  Next Generation Sequencing

The National Cancer Institute has defined the genetic term next generation sequenc-
ing as an advanced technology which is used to sequence the DNA of individual.
NGS can sequence large amount of DNA simultaneously hence is rightly called as
Massively Parallel Sequencing (MPS) technology. Sequencing techniques have
been developed since 1977 when sanger had demonstrated the newly developed
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Table 1.3 List of available SNP panels (https://strbase.nist.gov/)

S. No. SNP assay References

1 35plexY-SNPminisequencing assay Sanchez et al. (2003)

2 50 Y-SNPs in 8 multiplexes Vallone and Butler (2004)
3 11plex mtSNP minisequencing assay Vallone et al. (2004)

4 21plex Autosomal IISNP assay Dixon et al. (2005)

5 29plex Y-SNP minisequencing assay Brién et al. (2005)

6 52plex Autosomal IISNP assay Sanchez et al. (2006)

7 34plex AISNP assay Phillips et al. (2007)

8 90 Autosomal IISNPs in two multiplexes Fang et al. (2009)

9 6plex PISNP assay for eye color Walsh et al. (2011)

DNA sequencing technique called Sanger sequencing. This methodology involved
PCR like reactions using the deoxynucleotidetriphosphates (INTPs) primarily along
with polymerases (chain termination method). The Sanger sequencing technology
laid the foundation of the DNA sequencing was used in labs as first generation
technology. Since the methodology proved to be a boon for genetic research it
wasn’t cost effective and handy. Thus further improvements led to the adoption of
next generation sequencing tools. The second generation applications followed
amplification and sequencing of the DNA fragment having adapter sequences at
both ends.

In the same format instruments like GE Healthcare MegaBACE™ system, the
system of Intelligent Bio-Systems Inc., sequencing with nanoballs by Complete
Genomics™, the Polonator (developed by the research group of Church at Harvard),
454 system (Roche) and the systems from Illumina® and Applied Biosystems™/Life
Technologies became available in the market. Technologies brought by the third
generation sequencing were PacBio (Pacific Biosciences) and HeliScope (Helicos
Biosciences) which were less prone to error and use enzymatic template replication
system to sequence the single molecule templates. The fluorescent dyed pyrophos-
phate helps in analyzing the sequence. The advancements in science and technology
have now led to the development of fourth generation technology or as said the
advance model of NGS. The nanopore technology has been introduced with which
the single molecules can be read directly. In this format Oxford Nanopore
Technologies (ONT) has launched two platforms—*“GridION™" and “MinlON™.”
Since there are numerous instruments available in the market, the technology to be
used depends directly upon the sample type and requirements of the case (Bruijns
et al. 2018; Yang et al. 2014; Kim et al. 2016; Bgrsting and Morling 2015).

1.7  DNA Phenotyping

Forensic scientists are constantly working toward development of new techniques to
make human identification from the forensic sample easy, reliable, and effective.
Among such techniques DNA profiling using STR markers is the most accepted
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method. While these STR markers have several advantages like having high dis-
criminatory power, the technique holds few drawbacks as well. The STR markers
consist of long nucleotide repeated sequences which are not suitable for the analysis
of degraded forensic samples. Further the profile generated needs to be compared
either to a reference profile or to the profiles selected through databases.

To overcome such limitations the novel concept of forensic DNA phenotyping
has been introduced. In this methodology, DNA sequences are used to infer about
the morphology of the individual. The observable traits or the phenotype of an
individual is controlled by both genetic factors and external environmental factors
(multi-factorial). The genetic data is thus used to predict the characteristic feature of
an individual upto an extent. Phenotypic characters like hair, eye color, skin color,
etc. are now phenotyped using genetic information. Pigmentation genes responsible
for eye color-HERC2, OCA2, SLC24A4, SLC45A2, TYR, and IRF4 are used by
Irisplex System, first tool developed for phenotyping. It has the high accuracy of
likelihood. Similarly, MC1R, SLC45A2, SLC24A5, and HERC2 and an SNP-based
model has been used for hair color determination having 88% accuracy. Later,
Hlrisplex System was developed and validated for both hair and eye color markers.
For the skin color SLC24A5, HERC2, and SLC45A2 markers have been
incorporated into the phenotyping kits available in the market. Thus, this methodol-
ogy is still novel and new phenotyping markers are continuously being researched
and incorporated into the kits (Marano and Fridman 2019; Samuel and Prainsack
2019; Kayser 2015).
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Abstract

Since the first introduction of DNA typing in 1987, more than 30 years have been
passed and an enormous growth in forensics occurred. DNA test routinely
represents the most important tool for solving forensic caseworks and biological
relationships. Forensic laboratories carry out annually hundreds of DNA tests
because modern technologies allow obtaining conclusive results from a wide
range of biological evidences even if degraded or in small quantities. Repeated
DNA regions selected by the international scientific community for forensic
applications include minisatellites (VNTR) and microsatellites (STR). In particular
STRs became rapidly the first-choice markers for human identification because of
their features and the good polymorphism degree. Once loci were definitively
established, commercial multiplex were developed including initially only few
loci till to current large systems that allow now simultaneous amplification of
European and USA database core loci. Thus nowadays, large commercial STR
kits are widely used either in forensic than in paternity tests because of their easy
use and high discriminatory power. Obviously, to assess new forensic DNA
technologies, two types of validation are required: developmental performed
directly by the manufacturer and internal done by the user—Ilaboratory.
According to the Scientific Working Group on DNA Analysis Methods
(SWGDAM) recommendations, several different steps are required in both cases.
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2.1 Introduction

DNA analysis was firstly introduced in the mid-1980s and rapidly developed so that
it now represents the most important tool for solving forensic caseworks, resolving
biological relationships, identifying missing persons or mass disaster victims.

In humans only a small part (0.3%) of genome differs among individuals: this
difference is mainly due to the presence of highly repeated DNA traits available in
almost every chromosome, which constitute more than 40% of the human genome.
Repeated sequences differ on the basis of the total length of the repeated area, the
length of the repeated units and the number of units. Since these regions are
generally placed between genes, they may change from individual to individual,
without affecting the person’s health. Repeated regions selected by the international
scientific community for forensic applications include minisatellites and
microsatellites.

2.2 Variable Number of Tandem Repeats (VNTRs)

Minisatellites (called also variable number of tandem repeats “VNTRSs”) generally
have repeats of 9-80 bp length and they are typically repeated 5-50 times (Fig. 2.1).
Some minisatellites show also a “core unit” including some nucleotides
“GGGCAGGANG” (where N can be any base). Minisatellites are found at more
than 1000 locations in the human genome; they are generally placed in the centro-
meric or telomeric area of a chromosome, mainly in noncoding regions even if
sometimes they are part of genes. They show high mutation rate and high diversity in
the populations (Jeffreys et al. 1984).

In 1985, Prof. Alec Jeffreys, from the University of Leicester (UK), developed a
technique called by him “DNA fingerprinting” able to detect length variation of
some different VNTRs and to produce a pattern similar to a “bar code” that is unique
for each individual. The procedure used by Jeffreys to examine VNTRs involved the
use of a restriction enzyme to cut the regions of DNA surrounding the VNTRs so to
obtain “restriction fragment length polymorphism (RFLPs)”. In this procedure

Fig. 2.1 Example of variable - \farighle Number Tandem Repeats

number of tandem repeats
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fragments were separated in size by electrophoresis on agarose gel and then trans-
ferred to a nylon membrane for subsequent detection by radioactive or chemilumi-
nescent labelled probes (Southern Blotting) (Jeffreys et al. 1985a; Southern 1975).

Since resulting pattern is unique for each person and it’s the same for every cell,
tissue, and organ, without the possibility to be altered by any known treatment, the
use of this technique made possible the first human DNA identity test. The test was
used in UK in 1985 to solve a controversial immigration case and then in 1987 the
double-murder case of two teenagers, Lynda Mann and Dawn Ashworth, raped and
killed in Narborough (Leicestershire), respectively in 1983 and 1986. Even if
VNTRs analysis was successfully used in forensic caseworks for several years,
anyway its use was limited because a large amount of not degraded DNA was
required for a successful typing and VNTR patterns interpretation was often prob-
lematic, specially in case of mixed samples (Jeffreys et al. 1985b).

The introduction of the polymerase chain reaction (PCR), invented in 1983 by
K. Mullis, was a great revolution that allowed to forensic scientists the analysis of
small biological samples not analyzable with the original procedure (Mullis 1990).

23 Short Tandem Repeats (STRs)

Microsatellites, also named short tandem repeats (STRs), are simpler than VNTRs
and generally contain 2—-6 bp repeats (most common is a 4 bases repetition): the unit
is generally repeated many times in ‘“head-tail” manner (Fig. 2.2). While
minisatellites are mainly interspersed in genoma, STRs are generally found in the

Fig. 2.2 Example of short
tandem repeats (STR) Short Tandem Repeats
(STRs)
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Table 2.1 Types of STR according to length (Butler 2001)

Classification Length of repeat

Dinucleotides 2 bases repeat (i.e. AC, AT)
Trinucleotides 3 bases repeat (i.e. AAC, AAT)
Tetranucleotides 4 bases repeat (i.e. AAAC, AAAT)
Pentanucleotides 5 bases repeat (i.e. AAAAC, AAAAT)
Hexanucleotides 6 bases repeat (i.e. AAAAAC, AAAAAT)

Table 2.2 Types of STR according to pattern (Butler 2001)

Classification Pattern of repeat

Simple Repeat units with identical length and sequence
Compound Two or more adjacent simple repeats

Complex Repeats of variable length or sequences

centromeric area of a chromosome. It has been estimated the presence of one STR
per every 6—10 kb in the human genome (Jin et al. 1994).

In unrelated individuals STR markers have different numbers of repeat units and
repetition patterns, but the sequence generally does not differ (Table 2.1). It has been
observed that GATA and AGAT are the most common repeats in forensic STR loci.
According to Pattern (Butler 2001) STR may be classified as simple, compound or
complex (Table 2.2). There are hundreds of STR markers in the human genome and
several dozen have been studied to be used in human identity testing (Butler 2012).

In particular, for human identification purposes, the scientific community selected
only sufficiently polymorphic STRs with the following characteristics (Table 2.3)
(Gill et al. 1995; Carracedo and Lareu 1998; Bir et al. 1992, 1997):

* High discriminating power >0.9

* Heterozygosity (Ho) >70%

» Different locations on chromosomes (no closely linked loci)

* Robustness and reproducibility of results (low artefacts)

e Alleles length in the range of 90-500 bp (to favourite the analysis of
degraded DNA)

e Low stutters rates

Loci placed in “noncoding DNA region” are chosen in order to avoid giving any
additional information about person phenotype or health status. STRs are used in
several fields such as genetic mapping, disease diagnosis, evolutionary biology, but
they rapidly become the first-choice markers for human identification because of
some benefits, which may be summarized in the following ones (Butler et al. 2003):

 regular repetition units (1-6 nucleotides)
» wide range of distinct alleles (polymorphism)
* ability to be analyzed by PCR


https://en.wikipedia.org/wiki/Noncoding_DNA
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* heterozygotes alleles similar in size

 low mutation rate (average value per locus is 107> to 10~* mutations per
generation)

* high heterozygosity and good discrimination degree

STRs small size (2-6 bp repeat) allows easy PCR amplification in multiplex
assays, without the problem of differential amplification. Tetranucleotide STR
repeats are generally preferred to dinucleotide or trinucleotide repeats, while
pentanucleotide and hexanucleotide repeats are less frequently used because they
are less diffused in the human genome. A common problem with STR typing is the
presence of stutters peaks that are produced by Taqg-Polymerase slippage during
PCR amplification. Stutters have generally one repeat unit smaller than the true allele
(n — 1), but sometimes they show one repeat larger (n + 1). Stutter percentage varies
from locus to locus: in tetranucleotides it’s generally less than 15% of the main
allele, while with dinucleotides or trinucleotides it may increase till to 30% or more.
This makes mixture interpretation very difficult especially when working with low
or degraded DNA samples (Sparkes et al. 1996a, b).

24 Mini-STRs

DNA from forensic evidences, found for example at crime scene or in missing
person identifications caseworks, is often in limited quantity or show high degrada-
tion due to the exposition to harsh environmental factors (humidity, heat, UV, etc.)
or to microorganism’s effect. When degradation occurs, DNA is cleaved in small
fragments (average range 80-200 bp) and PCR primers may fail in annealing with
the target regions. In these cases, standard STRs typing may be not produce results or
yields only partial profiles: in fact as DNA molecule fragmentation increases,
dropout of the larger STR loci occurs and this produces a loss of information mainly
from larger PCR products. The problem obviously is enhanced when using large
multiplex PCR, due to the wide size range of amplicons produced (Hill et al. 2008;
Coble and Butler 2005).

Partial DNA profiles unfortunately cannot provide the same discrimination power
than full profiles and often do not give enough information able to include or exclude
an individual as a donor of a sample. The recovery of data from these difficult
samples may be increased analyzing smaller STRs named Mini-STRs. Mini-STRs
were used for the first time during the identification of the World Trade Center
victims: in fact, even if most bone were analyzed by traditional STR analysis,
unfortunately many samples were in so hard conditions, because of heat, fire or
bacterial degradation, that only very poor or negative results were obtained.

In 2001 John Butler and Bruce McCord, from the National Institute of Science
and Technology (NIST), were developing new small primers with the aim to
produce PCR products smaller than the traditional ones. They obtained reduced-
size amplicons by moving the forward and reverse PCR primers very close to the
STR repeat region (Fig. 2.3). Due to this, the use of Mini-STRs increases the chance
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Fig. 2.3 Example of Mini- = =
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of amplification for larger loci, providing a useful tool for obtaining data from
compromised samples (i.e. bones, teeth, burnt items).

In addition this technology enhances the sensitivity of DNA detection and
produces results even with inhibited or scarce DNA samples such as contact traces
left after a casual handling of objects (“touch DNA”) or cold cases samples,
previously not useful for a DNA test. Another important advantage is that DNA
profiles obtained by typing Mini-STRs are compatible with DNA profiles of samples
processed using traditional STR multiplexes: this allows comparison with old
profiles already stored in national databases.

2.5 STRs Nomenclatures

In October 1993, the DNA Commission of the International Society of Forensic
Genetics (ISFG) established the STRs nomenclature, now universally used, with the
aim to encourage international reproducibility of DNA analysis and to allow
comparisons of data obtained by different laboratories worldwide. It was established
that DNA sequences must be read in the 5’ to 3’ direction and to consider as first
repeat, the first 5’ nucleotide that defines the repeat unit.

Loci falling within a gene are named by the gene (i.e. FGA, is named after the
Fibrinogen A alpha Gene) while loci not falling within genes are named with the
letter “D” + the chromosome number where the locus is placed + letter “S” + the
order in which the chromosomal location is described (i.e. D21S11).

Alleles name depends on the number of repeat units: if the allele contains a partial
repeat, then it is named by the number of repeat units and the number of base pairs of
the partial repeat (e.g. Allele 9.3). As STR typing expanded, many microvariant
alleles have been observed and they have been studied in order to confirm the
effective sequence (Bir et al. 1992, 1997).

The database “STRBase”, freely accessible online, was created in 1997 by the
Applied Genetics Group of the National Institute of Standards and Technology
(NIST). It includes information about STR typing and an updated list of new alleles
as they are found.
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The “GenBank”, created in 1982 by the National Center for Biotechnology
Information (NCBI) is another free online database that collects all available DNA
sequences with the aim to provide them to the scientific community. Generally
updates are released every 2 months.

2.6 STRs Multiplexes

STRs analysis originally involved silver-stain detection of PCR amplicons after their
separation by gel electrophoresis, but the introduction of a laser multicolour fluores-
cence detection greatly revolutionized DNA typing. To allow laser detection, in each
marker, a fluorescent label is added to the 5’ end of one of the PCR primers: this
permits analyzing different markers in the same PCR tube. Nowadays till to five
different fluorescent dyes may be now used for labelling primers, while another
different fluorescent colour is reserved for the internal size standard (Gill et al. 1995).

The ability to amplify multiple STR markers using fluorescent-labelled PCR
primers together with automated laser detection increases the amount of information
collected from a sample. Obviously an accurate selection of different fluorescent dye
colours is required in order to avoid overlapping between PCR products with the
same allele size range, to reduce spectral overlap between dye colours and to ensure
full compatibility with instrumental detection. In comparison with standard silver-
stain detection, less DNA sample is necessary to obtain results from multiplex
amplification; in addition labour-time and cost are reduced since multiple loci are
analyzed in parallel in the same assay, allowing high-throughput analysis (Kimpton
et al. 1994).

In 1994, the Forensic Science Service (FSS) introduced the first-generation
quadruplex that included THO1, vWA, FES/FPS, and F13A1 markers. The discrimi-
nation power of this first multiplex was approximately 1 in 10,000. Due to the low
PD value several efforts were done in order to build a larger multiplex. Then, when
in April 1995 the UK National DNA Database started, the SGM system including
seven STR database core loci (VWA, D8S1179, D21S11, D18S51, THO1, FGA,
D3S1358, D16S539, D2S1338 and D19S433) was developed. In October 1998 FBI
launched USA National DNA Index System (NDIS) including 13 core STR loci
(THO1, VWA, FGA, D8S1179, D18S51, D21S11, CSF1PO, TPOX, D3S1358,
D5S818, D7S820, D13S317 and D16S539) (Werrett 1997; Budowle et al. 1998).

Starting from 1998 a second generation multiplex named SGM Plus was used for
the UK database: SGM Plus kit had eight loci (FGA, THO1, VWA, D3S1358,
D8S1179, D16S539, D18S51 and D21S11) in common with CODIS and included
as additional markers D2S1338, D19S433 and Amelogenin for sex determination.
The discrimination power for SGM Plus was around 1 in 13 trillion for African-
Americans and 1 in 3.3 trillion Caucasian Americans, while the PI for CODIS loci
was around 1.14 x 10" for African-Americans and 2.97 x 10~ for Caucasians.
Once core loci were established, commercial multiplex began to be developed
allowing initially simultaneous amplification of few loci and then of more markers
till to large multiplexes which are now commonly used in forensic laboratories.
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In particular STR multiplex able to co-amplify 16 different loci (including
Amelogenin) rapidly becomes the most used for solving forensic and paternity
cases. In 1999, the ENFSI (European Network of Forensic Science Institutes)
DNA Working proposed a European Standard Set (ESS) of seven loci (THOI,
vWA, FGA, D21S11, D3S1358, D8S1179 and D18S51) as a minimum number of
markers required for DNA profiles comparison between different countries. This was
accepted and confirmed by the EU-Council resolution no. 2001/C 187/01.

In 2001, Interpol decided to include as Interpol Standard Set of Loci (ISSOL) the
same ESS loci plus Amelogenin as sex marker. A comparison based on seven core
loci was initially enough for a sporadic exchange of data, but in 2005 some countries
in Europe firmed the Treaty of Prum with the aim of cross-border cooperation. In
June 2008, the Treaty of Priim was converted by the Council of the European Union
into EU legislation (The EU-Priim-Decision): this allowed all 27 EU countries to be
able to exchange DNA profiles. Unfortunately, it was observed that performing a
massive exchange of DNA profiles, the chance of occasional matches was greatly
increased, so seven loci were not enough for large scale comparisons. In 2009, in
order to reduce the chance of false positive matches, ENFSI recommended the
extension of the European Standard Set of Loci including five additional loci (Gill
et al. 2006).

This proposal was accepted and confirmed by a resolution of the European
Council no. 2009/C 296/01. It was established to include, between the five new
core loci, also three new mini-STR loci (D10S1248, D2S441, D22S1045) in order to
favour the amplification of degraded/low DNA sample. In 2012, in USA, FBI
proposed to expand also CODIS core loci number from 13 to 20 loci, with the aim
not only to reduce false matches, but also to increase international compatibility and
discrimination power in cases of missing person’s identifications (Hares 2012;
Butler and Hill 2012).

In March 2015, FBI published the expansion to 20 loci of the original CODIS
core: as new core CODIS loci were included the five new ESS loci (D1S1656,
D2S441, D10S1248, D12S391 and D2251045) plus D2S1338 and D19S443, which
are markers already commonly used worldwide. This became effective since 1st
January 2017. In this perspective, in order to cover European and USA core loci,
commercial companies started to produce new large multiplex able to amplify till to
27 markers (Table 2.4). Commercially STR Kkits are nowadays widely used either in
forensic than in paternity tests because of their easy use and high discriminatory
power (Guo et al. 2014; Schumm et al. 2013).

Multiplex are designed using specific softwares in order to select primers that
anneal at similar temperatures and that show low affinity to each other and towards
the other DNA regions different from the specific target: this in order to avoid
mismatches that may to influence the stability of the primer-template combination
and the PCR efficiency. Primer concentrations must be optimized for obtaining in all
loci balanced signals after PCR reaction. Commercial multiplexes are easy to use
because they include all reagents required for PCR amplifications such as reaction
buffer with Taq Polymerase, Primer Mix, male or female Positive Controls
(i.e. Control DNA 007, Control 9947, Control 9948), and Allelic Ladder. The allelic
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Table 2.4 Forensic STR multiplex kits commercially available

Production
Manufacturer Commercial name year Number of markers
Applied Biosystems AmpFISTR Blue 1996 3
Applied Biosystems AmpFISTR Green I 1997 3
Applied Biosystems Profiler 1997 9
Promega Gamma STR 1997 4
Promega PowerPlex 1.1 1997 8
Applied Biosystems Profiler Plus 1997 10
Applied Biosystems COfiler 1998 7
Promega PowerPlex 1.2 1998 10
Applied Biosystems SGM Plus 1999 11
Promega PowerPlex 2.1 1999 9
Promega PowerPlex 16 2000 16
Applied Biosystems Identifiler 2001 16
Applied Biosystems Profiler Plus ID 2001 10
Applied Biosystems SEfiler 2002 11
Promega PowerPlex ES 2002 9
Promega PowerPlex Y 2003 12
Applied Biosystems Yfiler 2004 17
Applied Biosystems MiniFiler 2007 8
Applied Biosystems SEfiler Plus 2007 11
Promega PowerPlex S5 2007 4
Applied Biosystems Sinofiler 2008 15
Promega PowerPlex CS7 2009 7
Applied Biosystems Identifiler Direct 2009 16
Applied Biosystems NGM 2009 16
Promega PowerPlex 16 HS 2009 16
Promega PowerPlex ESX 16 2009 16
Promega PowerPlex ESX 17 2009 17
Promega PowerPlex ESI 16 2009 16
Promega PowerPlex ESI 17 2009 17
Applied Biosystems Identifiler Plus 2010 16
Applied Biosystems NGM Select 2010 17
Qiagen Nonaplex ESS 2010 9
Qiagen ESSplex 2010 12
Qiagen ESSplex SE QS 2010 13
Qiagen Decaplex SE 2010 10
Qiagen Idplex Plus GO 2010 16
Qiagen Idplex Plus 2010 16
Qiagen Hexaplex ESS 2010 10
Qiagen HDplex kit 2010 11
Qiagen Triplex AFS QS 2010 2
Qiagen Triplex DSF 2010 3
Qiagen Argus X-12 QS 2010 12

(continued)
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Table 2.4 (continued)

Production
Manufacturer Commercial name year Number of markers
Promega PowerPlex 18D 2011 18
Applied Biosystems GlobalFiler 2012 24
Promega PowerPlex Y23 2012 23
Promega PowerPlex 21 2012 21
Promega PowerPlex Fusion 2012 24
Applied Biosystems GlobalFiler Express 2014 24
Applied Biosystems YFiler plus 2014 27
Promega PowerPlex ESX/ESI Fast | 2014 16/17
Promega PowerPlex Fusion 6C 2015 27
Qiagen Investigator 24plex GO 2015 24
Qiagen Investigator 24plex QS 2015 24
HealthGene SureID® 21G 2015 21
Technologies
HealthGene SureID® 27Y 2015 27
Technologies
Applied Biosystems NGM Detect 2016 18
Applied Biosystems VeriFiler™ Express 2016 25
HealthGene SureID® PanGlobal 2018 27
Technologies
Applied Biosystems GlobalFiler IQC 2019 24

ladder is used for genotype determination: it’s a mixture of all the alleles available
for a particular STR marker and hence it’s artificially obtained by combining DNA
from individuals which have different alleles, representatives of the locus variations
in the population. According to the recommendations of the ISFG DNA Commis-
sion, allelic ladder sequencing is required. Alleles from investigated loci are assigned
by a comparison with ladder alleles even if rare size variants may be found, showing
intermediate mobility respect to ladder alleles. A representative STR DNA profile is
given in Fig. 2.4.

Before to introduce a new kit, obviously manufacturers spend time and resource
in research, thus the advantage for forensic labs in the use of commercial
multiplexes, is the possibility to work with robust STR multiplex assays, in already
optimized and validated reaction protocols using carefully designed and well bal-
anced primers, labelled in adequate different fluorescent-dye combinations.

2.7 Validation Studies

Validation is “a process by which a procedure is evaluated to determine its efficacy
and reliability for forensic casework and/or database analysis” (SWGDAM 2010).
The Scientific Working Group on DNA Analysis Methods (SWGDAM) includes
around 50 forensic experts from several Federal, State and Local DNA laboratories
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Fig. 2.4 Control DNA9948 amplified by Sure ID 21G

in the USA and Canada. They developed the guidelines for the validation of DNA
analysis procedures, in accordance with the FBI Director’s Quality Assurance
Standards (QAS) (FBI 2004).

Initially, in 1998, the Federal DNA Advisory Board recommended quality assur-
ance standards to the FBI Director and then the SWGDAM (that replaced
TWGDAM) was charged with this responsibility. Two types of validation (each
one involving several studies) are required to assess new forensic DNA
technologies: developmental and internal. Obviously the laboratory should evaluate
which validation studies are more relevant for the procedure tested and it should
establish the right number of samples required for each study (SWGDAM 2010,
2001).

2.7.1 Developmental Validation

Guidelines describe the main studies that should be performed by the manufacturer
during the developmental validation process in order to evaluate if methods are
effectively reliable and to establish which are the conditions and the limitations of
the new DNA methodology prior to be effectively introduced in forensics.
According to SWGDAM recommendations, main studies include: Species Specific-
ity, Sensitivity Studies, Precision and Accuracy (Repeatability and Reproducibility),
Mixture Studies. In addition the method performance on some caseworks-like
samples should be evaluated and population studies should be done to create a
population database for the main populations groups (Table 2.5).
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Table 2.5 Main studies required for developmental validation (SWGDAM 2010)

Study Description

Species Ability to detect nonhuman DNA

specificity

Sensitivity Evaluation of the assay range useful to obtain reliable results and
determination of the upper and lower detection limits

Stability Ability to obtain results from biological samples placed on different substrates

Precision Degree of agreement among a series of measurements, values or results

Accuracy Degree of conformity of a measured quantity to its real value

Repeatability
Reproducibility
Mixture studies

Precision and accuracy of results of the same operator or instrument
Precision and accuracy of results among different operators or instruments
Ability to obtain reliable results from mixed samples

Case-type Ability to obtain reliable results using samples that are representative of real
samples laboratory samples.

Population Distribution of genetic markers in relevant population groups

studies

2.7.2 Internal Validation

Before applying in routine caseworks a new forensic procedure, a laboratory is
required to perform internal validation studies with the aim to accumulate data
able to demonstrate that a method works according to the laboratory expectations.
All data must be accurately documented. According to SWGDAM
recommendations, the internal validation process includes the following studies:
Sensitivity and Stochastic Studies, Precision and Accuracy (Repeatability and
Reproducibility), Mixture Studies, Contamination Assessment (Table 2.6). In addi-
tion, the analysis of known samples, non-probative, evidence samples or mock
evidence samples is required.

2.8 Applications of DNA Typing
Since the first introduction of DNA typing in 1987, in the last 30 years an enormous
growth has occurred in the use of DNA test either in criminal investigations than in
paternity testing, missing person’s identification, mass disasters (DVI). In particular,
the use of the polymerase chain reaction (PCR) and of large multiplexes allows to
analyze samples in a short time, offering the possibility to obtain useful DNA
profiles and conclusive results from a wide range of biological evidences even if
degraded or in scarce quantity.

Because of this, annually forensic laboratories perform hundreds of test and DNA
typing represents the most powerful tool for identification.

In fact main applications of DNA typing include:
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Table 2.6 Main studies required for internal validation (SWGDAM 2010)

Study
Sensitivity
Stochastic
Precision

Accuracy
Repeatability

Reproducibility

Mixture studies
Contamination

Known, non-probative or mock
evidence samples

1. Forensics Caseworks

Description

Determination of the target range, limit of detection,
heterozygote balance (e.g. peak height ratio) and the signal to
noise ratio.

Evaluation of stochastic effects obtained from the analysis of
low quantity/quality DNA samples.

Degree of agreement among a series of measurements, values
or results

Degree of conformity of a measured quantity to its real value
Precision and accuracy of results of the same operator or
instrument

Precision and accuracy of results among different operators or
instruments

Ability to obtain reliable results from mixed samples
Detection of exogenous DNA in reagents, consumables,
samples and laboratory environment

Results from these samples should be compared with data
previously obtained from the same samples to ensure
concordance

Biological samples are recovered at crime scene and genotyped: evidences DNA
profiles are compared between them or with the ones of known people
(i.e. victim, suspect) or with data in national DNA databases in order to find a
match useful to identify the evidence donor and to link different caseworks.

. Personal Identification

DNA test is the best method to establish the identity of a person, especially in
cases of mass disasters (DVI) or missing persons identification when only parts of
bodies (i.e. bones, teeth) are available.

. Biological Relationship

Due to the inheritance modality, DNA analysis is routinely used for paternity/
maternity test, kinship analysis as well as to reconstruct complex relationships or
entire family pedigree.
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Abstract

Discovery of DNA profiling technology has led the forensic investigations to
another level of confidence. This technique is among the utmost discoveries of
twentieth century that has revolutionized the criminal justice system. This chapter
briefly recapitulates the sequential progressions made in the discipline of forensic
DNA fingerprinting which aids the justice system in multiple ways by making it
far more efficient in comparison to the existing conventional techniques. Right
from the discovery of this substantial technique, current capillary electrophoresis
based methods using autosomal STRs along with lineage markers (Y STRs,
X-STRs, mtDNA) are covered here along with an insight to the latest
advancements including the next generation sequencing (NGS).
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3.1 Introduction

The most magnificent breakthrough of late twentieth century that revolutionized
scientific community and gave an exceptional vigor to criminal justice system is
DNA profiling. As name is suggesting, DNA profile is the profile of a person
generated by using its DNA. This is pretty much similar to the barcodes printed on
different products available in a super market that barcode reader reads to give
details about that particular product. DNA typing or DNA fingerprinting are the
terms that are synonymously used to refer this technique. The credit of this vital
discovery goes to Sir Alec Jeffreys, a geneticist from University of Leicester,
UK. During September 1984, while studying on tentative ways to sort out immigra-
tion and paternity controversies by signifying the genetic linkage among different
persons, Sir Jeffreys employed restriction fragment length polymorphism (RFLP)
for analyzing DNA. He noticed that DNA has certain repetitive sequences, com-
monly known as minisatellite or variable number of tandem repeats (VNTRs) that
are perpetually present in all human beings. However, their length varies among
individuals (Jeffreys et al. 1985a). He utilized these variations in establishing the
identity of a person. He soon realized that these variations are unique to each
individual except for identical twins and thus, could be used to affirmatively
ascertain the identity and individuality of a person (Jeffreys et al. 1985b). Eventually
this ground breaking discovery of Dr. Alec Jeffreys emerges out as a potential tool
for exonerating the innocent and incarcerating the guilty. Present chapter gives a
chronological over view of different DNA profiling systems.

3.2  Restriction Fragment Length Polymorphism (RFLP)

RFLP is a pioneer technique of DNA fingerprinting. It employs a molecular method
for DNA analysis i.e., it permits identification of different individuals on the basis of
exclusive patterns generated by single restriction enzyme nicking DNA at peculiar
sites commonly referred to as restriction endonuclease recognition sites. Polymor-
phic nature of genetic codes is the key factor behind this technique. Nicked DNA is
then separated into different fragments using gel electrophoresis depending on
relative sizes of generated fragments. Since DNA carries an overall negative charge,
different fragments have a tendency to move toward positive pole. Smaller
fragments will obviously move faster. Gel with these bands is then denatured by
placing it in sodium hydroxide (NaOH) solution. The single-stranded DNA so
obtained is transferred into a nylon or nitrocellulose sheet by capillary blotting,
named after its inventor as southern blotting (Southern 1975). This sheet is then fixed
by autoclaving. This single-stranded fragmented DNA on nylon or nitrocellulose
sheet is then allowed to base pair with the labeled RFLP probes. These probes may
be labeled with radioactive or chemiluminescent tag (Klevan et al. 1995). This
process is commonly referred to as hybridization. When such hybridized DNA is
exposed to X-rays, it produces distinct bands on X-ray film. The autogram so
generated is the unique genetic signature of an individual with an exception of
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monozygotic twins who have same autogram. Shortly after its development, in 1986,
the technique of DNA profiling was first utilized in solving a criminal case. Colin
Pitchfork, a U.K. resident, was convicted of a double rape and murder because his
DNA profile matched with DNA found at both crime scenes (Jobling and Gill 2004).
Through RFLP, paternity can be excluded with a cumulative probability greater than
99.9% with the use of as few as four probes (Jeffrys et al. 1987) likewise 3—5 probes
can provide an individualized fingerprint in forensic testing (Alghanim and Almirall
2003). Sequences of VNTR serve as the basis for fingerprinting. For many years
RFLP technique served criminal justice system by resolving paternity disputes,
ascertaining criminal identity, studying evolution and migration of wildlife, studying
breeding patterns in animal populations and the detection, etc. However, require-
ment to large quantity of good quality sample, being expensive, tedious and time
consuming, were certain limitations associated with this technique. This leads to the
need of discovery of more efficient and advance techniques of DNA profiling.

3.3 Polymerase Chain Reaction (PCR)

Before discussing various PCR-based DNA profiling techniques, it is highly desir-
able here to discuss the basic conception of PCR first. This technique became a
response to various limitations of existing RFLP technique. Even small and
degraded DNA samples which deemed to be unfit for RFLP could be analyzed
using this technique. PCR is an excellent technique for replicating single-stranded
DNA from a template with the help of synthetic primers and a polymerase enzyme
(Kleppe et al. 1971; Panet and Khorana 1974). Credit of this exceptional discovery
goes to Kary Mullis who, in 1983 while working with Cetus Corporation, gave a
very simple idea of making millions of replicates of desired DNA fragment with high
fidelity (Mullis and Faloona 1987; Mullis et al. 1986). In the year 1993, Kary Mullis
was awarded Nobel Prize in chemistry for his invention. PCR amplification is a
chain reaction of series of three steps repeated in a sequential manner.

3.3.1 Denaturation

This is the first step of PCR amplification in which helix of DNA unwinds to separate
the two strands of DNA by raising the temperature up to 98 °C. Now each strand acts
as a template for synthesizing new strand. Ingredients of this step are a primer (like
probes of RFLP), base pairs and a heat stable DNA polymerase usually Taq
polymerase.

3.3.2 Annealing

During this step, reaction mixture’s temperature is decreased to 50-65 °C, this
allows annealing between the single-stranded DNA templates and the primers.
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Primers have been named so because they mark the initial location for the synthesis
of new strand of DNA.

3.3.3 Elongation

In this step, DNA polymerase came into play. Temperature of reaction mixture is
again raised to approximately 75-80 °C and Taq polymerase add new nucleotides to
the primer complementary to parent strand.

In order to ascertain whether the desired DNA fragment has been amplified or not
(also known as amplicon or amplimer), agarose gel electrophoresis may be
performed. Results are then compared with molecular weight markers which contain
fragments of DNA of identified size.

34 PCR-Based Techniques
3.4.1 HLA DQA1

HLA stands for human leukocyte antigens—a group of proteins, located on the outer
membrane of all the nucleated cells of our body. Genes of these antigens are
positioned on sixth chromosome. Major histocompatibility complex (MHC) is the
generic name of the genetic province to which HLA loci belong (Hugh et al. 1984).
The MHC contains genes (including HLA) that are liable for immune responses of
body. HLA antigens perform vital task in self-recognition and discriminating self
from non-self. HLA antigens thus, crucially strategize defense mechanism against
foreign substances. Every individual possess a unique set of HLA proteins inherited
from his parents. The first typing method that was used to detect HLA alleles was—
the hybridization of sequence specific oligonucleotide (SSO) probes with
PCR-amplified DNA. Researchers have suggested various alternative SSO typing
methods, chiefly varying on the length, sequence of probes, and their methods of
detection. Initially, P** SSO probes were used to hybridize with the desired region of
HLA-DQA gene (Saiki et al. 1986a), but shortly afterwards biotin emerge out as an
alternative of conventional P>? label (Saiki et al. 1987). The PCR-SSO technique
was later applied to other allelic sequences also like DP (Bugawan et al. 1988), DQ
(Horn et al. 1988; Morel et al. 1990) and DR (Erlich et al. 1989; Baxter-Lowe et al.
1989).

Although SSO technique is appropriate for investigation of large sample sizes but
it is not a method of choice for analysis of small number of samples. Reverse dot
blotting technique emerged out as a solution of this problem. Procedurally, it
employs same PCR amplification procedure and SSO probes, but these probes are
adhered to a solid support medium. The sample so amplified is labeled and
hybridized on that supporting panel. A single hybridization and stringency wash
permits the determination of polymorphic sequences of the selected sample. Conju-
gate streptavidin horseradish peroxidase is used to detect positive reaction by having
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a colored soluble substrate (Buga et al. 1990). Alternatively, chemiluminescence
could also be employed for visualization (Buyse et al. 1993).

HLA-DQA was the foremost commercially available PCR-based kit for DNA
fingerprinting. This kit had a potential to differentiate six different alleles i.e., 1.1,
1.2, 1.3, 2, 3, and 4. Initially HLA-DQA strips contain nine SSA probes. Perkin-
Elmer later introduced a more sophisticated kit DQA1 with 11 SSO probes.

3.4.2 Amplified Fragment Length Polymorphism (AFLP)

AFLP is a fingerprinting technique based on PCR, which was explained for the first
time by Vos et al. (1995). Then after, many protocols have been declared from time
to time suggesting various modifications, all including following three basic steps:

(1) restriction endonucleases are employed in digesting genomic DNA, forming
DNA fragments along with its ligation to double-stranded adaptors with known
adaptor sequences, comprising of two nucleotides; (2) these DNA fragments are
specifically amplified using primers complementary to adaptor sequences and the
unknown genomic DNA; and (3) labeled fragments are separated by electrophoresis
followed by silver staining (Fry et al. 2009). Fragmented samples are then subjected
to automated analysis. Locus D1S80, with repeat size of 16 bp, is a popular choice
for DNA fingerprinting (Thymann et al. 1993). However, other available choices
include YNZ22, Apolipoprotein-B, and Collagen 2A1 (De Guglielmo et al. 1994).
AFLP profiling can discriminate between illicitly grown marijuana and hemp (Coyle
et al. 2003; Datwyler and Weiblen 2006; Hakki et al. 2003), identify illegal halluci-
nogenic fungi (Coyle et al. 2001; Lee et al. 2000; Linacre et al. 2002), legally
protected owls species and their hybrids (Haig et al. 2004). This automation is the
biggest advantage of this technique allowing a trouble free comparison of DNA
samples in an economic manner.

3.4.3 Short Tandem Repeats (STRs)

In spite of the triumph of PCR-based AFLPs, in 1990s there was a switch to PCR of
short tandem repeats (STRs); a technique that utilizes too small repeat units, with a
length of just 2-7 bp. STRs are named as microsatellites or simple sequence repeats.
Since their discovery, they are often referred as ‘gold standard’ in personal identifi-
cation in forensic context. STRs alternatively known as microsatellites are short
repeats of DNA sequences having repetitive units ranging from 1 to 6 bp (Chambers
and MacAvoy 2000; Tautz 1993), entire length ranging up to 100 nucleotides. STRs
are usually located near centromere of chromosome. Another category of these
sequence repetitions is not so long i.e., it consists of 2—6 bp repeats only—popularly
known as minisatellites. This small length of repeat unit makes them capable of
easier amplification. Additionally, they also have a relatively higher resistance to the
problems associated with degraded and contaminated DNA. Nucleotide sequence
mutation might be the probable reason of these variations. STRs are present in both
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pro and eukaryotes, including human beings. They are somewhat evenly scattered all
through human genome, consisting about 3% part of the entire genomic structure.
But within chromosomes, they are not so uniformly distributed (Koreth 1996).
Exploration of noncoding regions revealed that majority of STRs is found in those
regions which do not code for any protein. Only about 8% of STRs are positioned in
the coding regions (Ellegren 2000). Length of such repeated units vary among
individuals which is their most significant aspect from forensic point of view. Not
only their length but their densities also vary among chromosomes. Nineteenth
chromosome is found to have highest density of STRs in humans (Subramanian
2003). An individual can be either homozygous i.e., with same number of repeat
units or heterozygous i.e., with different number of repeat units at a certain locus.
Tetranucleotide repeats, abundant in Adenine (A) are used in forensic genotyping
(Goodwin et al. 2011; Nadir 1996). DNA Commission of the International Society
of Forensic Genetics (ISFG) in 1993 assigned nomenclature to STR loci and its
allelic variants. The STR loci are named in a peculiar manner, for example, D1S80,
where D refers to DNA, 1 signifies the chromosome number where on STR locus is
located, S refers to STR, and 80 is its exclusive identifier signifying position of the
repeat i.e., 80th on the 1st chromosome. Name of STRs are given on the basis of base
composition of the repeat unit (in parenthesis). After that the number of times of its
repetition is mentioned in subscript, e.g., (GTA)4, a trinucleotide STR having
sequence GTA is repeated 4 times. The first STR was discovered in the year 1991.
In 1994 only four loci namely, F13A1, THOI1, Vwa and FES/FPS were available
(Kimpton et al. 1994; Lygo et al. 1994) but within a year this number got extend to
seven (Gill et al. 1997; Kimpton et al. 1996; Sparkes et al. 1996a, b). By the end of
2000, number of available STR multiplex increased to 16 including amelogenin—a
sex determining marker (Krenke et al. 2002). Today more than 20 STR multiple
systems are available commercially for DNA typing. STR is found to be more
sensitive in comparison to conventional single-locus RFLP methods and more
discriminating when compared to other PCR-based profiling techniques, like
HLA-DQA1 (Saiki et al. 1986b). Since then several researchers have been
conducted researches in this field studying different populations for developing
different standardized protocols across the globe (Butler 2005). Main advantages
of the STRs markers are that by multiplexing, they can test more than ten STR loci in
fast, simple, and simultaneous way (Morretti et al. 2001). Classification of STRs is
made on the basis of length of their repeat units i.e., mononucleotides, dinucleotides,
trinucleotides, and so on. However, tetranucleotides are utilized most due to the
reason of minor stutter products probability, amplicons having one repeat less than
true allele (Romeika and Yan 2013). In multiplex analysis Kkits, tetra- and
pentanucleotide systems are also incorporated due to their ability to offer results
with an augmented exclusion index. Multiplexing aids simultaneous analysis of
several different loci. This does not merely save time, but also saves the evidences
by utilizing a lesser sample size. Current trends of DNA profiling use multi-allelic
STR markers which not only have structural comparability with original
minisatellites but have much shorter repeats which makes them easier to amplify
using PCR. The Federal Bureau of Investigations (FBI) in 1997 established a
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database named CODIS (Combined DNA Index System) that integrated amelogenin
sex loci and 13 autosomal loci in the process of development of STR Typing System
(Sullivan et al. 1993). These 13 STR loci set have efficient distinguishing abilities
having an average probability of random match one in a quadrillion (I x 107'7),
which further extended to 20 markers (Budowle et al. 1998) while the standard set of
Europe consisted of 12 STR markers (Gill et al. 2006). These loci are located on
different chromosomes in form of highly polymorphic noncoding regions. Together
with amelogenin, new multiplexes have been introduced in a single reaction within
past few years that can amplify even more than 16 loci (Dixon et al. 2005). STR
profiling has numerous applications including parentage testing, identification of
disaster victims, rape felon’s identification, and many more (Yoshida et al. 2011).
Butler et al. offered a summary of each STR marker (24 forensic autosomal STR
loci) including their classification, length of repeat unit, chromosomal location,
region of STR repeats, etc. (Butler and Hill 2012).

The application of STR multiplexing method to the biological evidences has
changed the entire scenario of our justice system dealing with different heinous
crimes. Multiplex PCR with fluorescently labeled primers has become a vital method
adopted for short tandem repeat’s amplification having applicability in testing
individual identity. STRs have popularly become the preferred markers for various
applications of human identification (HID) due to their unique and polymorphic
nature (Butler 2006). Measurement of length of different variable alleles is the
foundation of individualization by STR profiling (Giardina et al. 2011). Due to its
higher accuracy rate, STR Marker technology has become applicable in routine
criminal investigations. In fact, this is one among the most responsive and exten-
sively acknowledged techniques of scientific community. In the investigative proce-
dure of various offences like manslaughter, assassination, rape, kidnapping, etc.,
STR profiling is a frequent technique today. But the capillary electrophoresis
(CE) based DNA fragment size detection technique is not capable of distinguishing
between alleles of different sequences but of similar lengths in complex paternity
cases based on STR mutation. The upcoming NGS technology can discriminate
these alleles and also helps in identifying mixed samples (Berglund et al. 2011).

3.5 Lineage Markers

Autosomal STRs are greatly used by forensic science laboratories for human
identification as well as for human kinship determination. However, in some com-
plex cases based on kinship relationships, the results of autosomal STRs may be
inconclusive. Consequently, the analysis of STRs located on sex chromosomes came
into play (Roewer 2003).
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3.5.1 Autosomal Single Nucleotide Polymorphisms (SNP) Typing

SNPs have a lower heterozygosis in comparison to STRs. Where STRs needs a
template size of 300 bp, the size of template is just 50 bp in case of SNP typing. Thus
SNPs have become significant tools in degraded samples analysis. SNP typing
played a crucial role in identification of victims of World Trade Center disaster
which took place in 2001 (Brenner and Weir 2003; Marchi 2004). The European
Network of Forensic Science Institutes (ENFSI) and the US FBI Scientific Working
Group on DNA Methods (SWGDAM) are functioning on recommendations
concerning standardization of SNPs and its use in degraded biological samples
(Gill et al. 2004).

3.5.2 Y-STR Typing

Y-STRs are short tandem repeats located on Y chromosome and thus, are male
specific. Polymorphic nature of Y chromosome plays a crucial role in differentiating
unrelated males as well as proving lineage in paternal generations (Coble et al.
2009). Forensic significance of these Y-STRs lies in the fact that besides being male
specific, they have a low mutation rate and have specific population allele distribu-
tion (Kayser et al. 2001, 2005, 2007; Kayser 2003). Y-STR is a brilliant way to
recognize male DNA which often gets mixed with female DNA in offences involv-
ing sexual assaults (Kayser 2017; Roewer 2009; Prinz et al. 1997). In such instances,
autosomal STR typing is often complicated or sometimes even unfeasible to give
conclusive results. Detection capabilities of Y-STR for male DNA mixed with
female DNA samples is also far above any discrepancy i.e., 1:2000 (Ballantyne
and Kayser 2013). Presently existing commercial Y-STR m are much vigorous and
even male mixed samples (Gang rape cases), samples contaminated with different
biological fluids, aged and degraded samples could be analyzed successfully
(Brenner 2010). Not only fixing the guilty, Y-STR typing is also important in
exonerating the innocent in false accusations. Despite of numerous advantages,
Y-STR possesses some limitations as well i.e., it represents a single locus and it
requires large databases for study (Willuweit et al. 2011; Ballentyne et al. 2010).
Inability of exclusion of paternally related suspects lowers its credential in compari-
son to autosomal STRs. However, the possible answer of this limitation emerges out
in terms of rapidly mutating Y-STRs (RM Y-STRs). These STRs have high rates of
mutation and thus, can potentially differentiate paternally related suspects
(Ballentyne et al. 2012; Roewer et al. 1992). If we go back in history of Y-STRs,
it was first described by Rower and Epplen in 1922 (Davis et al. 2013). Since then
several advancements have taken place. Various Y-STR kits are now available
commercially. However, two most commonly used ones are PowerPlex® Y23
(Promega Corporation) and Yfiler™ Plus PCR Amplification Kit (Thermo Fisher
Scientific, USA). PowerPlex®™ Y23 employs 17 traditional Y-STR loci along with six
new loci including DYS481, DYS533, DYS549, DYS570, DYS576, and DYS643,
thereby enhancing its discriminating power (Jain et al. 2016; Thompson et al. 2013).
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such as Quantifiler Y kits.

Fig. 3.1 Steps involved in Y screening for determining the male fractions

On the other hand, Yfiler™ Plus PCR Amplification Kit allows multiplex amplifica-
tion of 27 Y-STRs including seven RM Y-STRs (Fig. 3.1).

3.5.3 Mitochondrial DNA Typing

Cytoplasm of almost all eukaryotic cells contains mitochondrial DNA (mtDNA)—a
separate genome apart from nuclear genome (Hameed et al. 2015). mtDNA a 16-kb
circular molecule present in multiple copies. mtDNA is maternally inherited and
thus, could easily prove linkage between maternally related people. It codes for
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enzymes and proteins required for proper functioning of mitochondria. It codes for
13 proteins, 2 TRNA, and 22 tRNA. Mitochondrial genome imparts its forensic
significance due to its stability and multiple copies. mtDNA in mammals has two
different points of origin of replication. The point of origin of heavy chain is usually
guanine rich and is located within D-loop (Displacement Loop). However, in
contrast to this, point of origin of light chain is usually cytosine rich and is located
nearly opposite to D-loop. The current region of forensic interest is D-loop (Pai et al.
1997). Approximately 1100 bp constitute the noncoding hypervariable regions of
D-loop. This region is named so because of its higher rate of mutation in comparison
to other regions of mtDNA (Quintans et al. 2004). This region is further subdivided
into HV1, HV2, and HV3 regions with position range from 16,024 to 16,365, 73 to
340, and 438 to 574, respectively. From forensic point of view HV3 is rarely
targeted, commonly HV1 and HV2 are examined. mtDNA obtained from calcified
tissues and hair could be a potential tool of personal identification especially in cases
of mass disasters where evidences obtained are often environmentally challenged
(Kavlick et al. 2011). Despite all aforementioned advantages, the biggest challenge
associated with the analysis of mtDNA is the interpretation of heteroplasmy. It refers
to existence of different mtDNA haplotypes within a person (Bar et al. 2000).
However, many researchers consider this phenomenon as a rare event (Payne et al.
2013). Various degraded samples can be analyzed by mitochondrial DNA Analysis
like the hairs without root, teeth, skeletonized remains and various types of
biological material which are degraded environmentally which cannot be processed
by nuclear DNA Analysis. From very less quantity of samples, DNA can be detected
and thus, maternal lineage can be established.

3.5.3.1 Preparation of the Sample

The first step in the sample preparation is to clean the sample properly in order to
remove contaminants. Bone and teeth samples are need to be preprocessed by
sanding or scrapping to remove the dirt or other unwanted debris attached to
it. Similarly, hair samples need to be cleaned by sonication for removal of any
dust particles or microbial growths. Hair or hair shaft region is used for mitochon-
drial analysis.

3.5.3.2 Extraction of Sample

The samples are extracted using C¢HsOH/CClI; or other basic chemicals in order to
break up the DNA from different cofactors, proteins, and ions. Further it is purified
to get pure DNA sample. Various commercial extraction kits are also available for
extraction of DNA in very less time. Then the samples are quantified using various
quantification methods and amplified by subjecting to polymerase chain reaction
using HVR-I and HVR-II primers.

3.5.3.3 Sequencing of mtDNA

PCR-based mtDNA typing through automated sequencing has proven to be a
legitimate, robust, and dependable means of forensic analysis. Applied Biosystem’s
SOLIiD sequencing by ligation is very famous and practiced by various laboratories
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(Sheshanna et al. 2014). This method is utilized for entire mtDNA sequencing
coupled with targeted re-sequencing. Method incorporates preparation of sample,
emulsion PCR and preparation of substrate, basic chemistry of ligation along with
imaging and data analysis. Solid sequencing is an encoding system consisting of two
bases having an accuracy rate of 99.94% (Kircher and Kelso 2010), adequate for
abundant samples to identify SNPs. For last decade, next generation sequencing
(NGS) by Illumina has become widely acceptable. NGS provides a unified platform
to prevail over the extensive range of complicated samples encountered. Genetic
analysis of evidences of mass fatality with NGS let scientists to take out vital
informations even from compromised samples. It is possible to get clue of mutations
and SNPs from the whole genome sequencing where several suspects and victims
are involved. The sequencing can be performed on compromised samples such as
preserved tissues; blood exposed to different temperatures, samples of hair, etc. In
comparison to other techniques tested in laboratories, multiplex mini sequencing of
mtDNA provides elevated rate of success (Kinra 2006).

3.5.4 X-STR Typing

Autosomal STRs have been used utilized for forensic services long before the
Y-STR and X-STR markers. But these X- and Y-STR markers offer the potential
to provide additional information which autosomal STRs fail to accomplish. The
first major breakthrough in the field of X chromosomal markers was done by Race
and Sanger, when they detected Xga blood group (Tippett and Ellis 1998). Females
have a homologous pair of X chromosome. The use of X-STRs is highly proficient
for determination of kinship especially between father and daughter by increasing
the power of discrimination. In contrast to this, in cases related to questioned
mother—daughter relationships, X chromosome markers fails to provide any specific
information, just like autosomal STRs. In case of mixed stains especially in rape
cases, X-STRs can positively identify female DNA (Shin et al. 2005; Szibor et al.
2000). In reference of X-STR, in the first multiplex study nine loci were analyzed
(in three different multiplexes) including duplex PCR (DXS6789 and DXS6795),
Triplex PCR (DXS7133, DXS9895, and DXS9898), and Quadruplex PCR
(GATA164A09, DXS6803, DXS8378, and DXS7132) (Son et al. 2002). The greater
the number of markers, higher will be degree of discrimination. Currently more than
40 X-STR markers have been identified for forensic purposes (Jedrzejczyk et al.
2010; Machado and Medina-Acosta 2009; Szibor 2007; Szibor et al. 2006).

3.6  Next Generation Sequencing

Since 2005, next generation sequencing (NGS) most commonly referred to, mas-
sively parallel sequencing (MPS) has substantially changed the horizon of genomic
research. NGS is a ‘non-Sanger sequencing’ method that can simultaneously
sequence billions of DNA molecules to minimize the fragment cloning (Yang
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et al. 2014; Aly and Sabri 2015; Mostafa et al. 2015). This sequencing technique
works on loop array sequencing that can simultaneously analyze huge data. Several
commercial systems have been introduced based on this sequencing process. This
vital technology has developed in following three sequencing generations:

1. First generation sequencing: The first pyro-sequencing based system was
‘454-Genome Sequencing System’, introduced by Roche in 2005. This system
primarily detects pyrophosphate which gets released after incorporation of each
nucleotide in a new synthetic DNA strand. However, this system is obsolete now.

2. Second generation sequencing: In 2006, Solexa released Illumina, which used
the technology of sequencing by synthesis. In 2007, ‘SOLiD’ a combination of
two base encoding system and oligonucleotides ligation based ‘second generation
sequencing’ system was introduced. In 2010, Ion Personal Genome Machine
(PGM) MiSeq were released by Illumina and Torrent. PGM used semiconductor
DNA technology while MiSeq is a versatile instrument performing all the steps
starting from cluster generation, amplification, and sequencing up to data
analysis.

3. Third generation sequencing: This technology is based on Single Molecule
Real Time (SMRT) DNA sequencing system for determining the base composi-
tion of the single DNA molecule. SMRT sequencing basically relay on
sequencing-by-synthesis approach; an SMRT chip is used that contains numerous
mode-zero wave-guides. To this SMART chip, DNA polymerase molecules are
attached for the synthesis of desired DNA fragments. DNA is labeled with
fluorescent markers generating an illuminating signal which is captured by a
sensor. SMRT technology can attain an average read lengths of 5500-8500 bp
and it is also capable of directly detecting certain epigenetic modifications like
4-mC (methyl Cytosine), 5-mC, and 6-mA (methyl Adenine) (Meldrum et al.
2011; Schadt et al. 2010; Murray et al. 2012).

STR analysis is mainly carried out via separation of DNA through capillary
electrophoresis (CE) based on size of DNA (Butler 2012). Although capillary
electrophoresis fails due to detect internal sequence variation in STR alleles. This
STR allele sequence variation is currently considered to be very crucial in different
cases having traces or compromised DNA samples. Some significant techniques
such as mass spectroscopy and next generation sequencing (NGS) have presently
been used in forensics to learn and recognize the possible the variations in internal
sequence of STR alleles (Pitterl et al. 2010; Planz et al. 2012; Rockenbauer et al.
2014a). Analysis of variation in STR sequence is these days becoming even more
imperative as this will enhance the discrimination of individuals in mixed DNA
samples.

NGS is the key of revealing and exactly identifying STR allele variations. The
CE-based STR assay may identify the alleles as per their relative size in comparison
to a sequenced allelic ladder, albeit variations in internal sequence may exist
(Gettings et al. 2015). An in-depth evaluation of sequence variation of STR alleles
can be made by using by NGS technology. However, such result should be
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compared with the PCR-CE-length-based genotype. This further assists in studying
the STR allele’s rates of mutation and enhancing the understanding of rate of
mutation of STR for a specific allele. An additional demerit of CE-based STR
analysis is the variation in allele peak w.r.t. size of allelic ladder particularly if
there are insertions or deletions (indels) in the contiguous regions of that allele which
is not frequent but have a potential of its presence. For a particular marker, PCR-CE
based assay can be performed within a day. Still the biggest benefit of NGS is its
cumulative STR analysis and NGS assay despite of relatively longer time that it
takes (Bgrsting and Morling 2015). Additionally NGS is also capable of analyzing
DNA samples which is hard with CE-based analysis. Out of all available NGS
methods, sequencing by ligations has least rate of error, and the paramount platform
for various genetic applications in context to criminal justice system (Bgrsting and
Morling 2015). Thus, progression of NGS integrated with STRs, is the need of the
hour since STRs alone constitute about 15% of human genome (Gettings et al. 2015;
Ayres et al. 2002). Out of 24 autosomal STR loci, nine loci showed a boost in alleles
exceeding 30% when sequenced with NGS platform as compared to PCR-CE-
length-based genotype (Gettings et al. 2015). However rest of 15 STR loci showed
less repeat region variation, for instance, loci like D5S818, D7S820 and D13S317.
But this less variation in the contiguous region is also helpful in understanding the
role of different mutational events in evolution process. NGS sequencing reveals the
true STR loci variation, as new alleles have been detected by sequencing the simple
STRs which is vital in enhancing the statistical strength of analysis.

3.6.1 Advantages of NGS Technology

Several limitations of present CE-based analysis are there which prompted the
forensic fraternity to discover the utility of NGS technology in criminal justice
system. Limitations of existing system includes loss of crucial genomic information
from compromised DNA samples, low-resolution genotyping of current markers,
low-resolution mixture and mtDNA analysis and inability to analyze manifold
genetic polymorphisms using a single workflow in a single reaction. NGS has
revolutionized the existing genomic research by exceptionally improving the time,
speed, cost, accuracy, and sequence length (Berglund et al. 2011; Dalsgaard et al.
2013; Fordyce et al. 2011, 2015; Gelardi et al. 2014; Phillips et al. 2014;
Rockenbauer et al. 2014b; Scheible et al. 2014). The supremacy of NGS technology
has its applications in different genetic arenas, like sex and mitochondrial
chromosomes, autosomes, etc. NGS has impending applications in numerous
aspects of research, including forensic microbiological, plant and animal analyses,
construction of DNA database, phenotypic and ancestry inference, studies of mono-
zygotic twins and species and body fluid identification. DNA sequencing is no
longer a tedious task.
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3.6.2 Application in Forensic Science

Due to its utility in forensic investigations, DNA analysis has been rendered as an
important tool in criminal justice system. Forensic DNA analysis is often encoun-
tered with limited, contaminated and highly degraded samples, and the need of the
hour is reproducibility, higher precision as well as consideration of time and cost
factors.

3.6.2.1 STR Sequence Variation Detection

STR analysis is the most essential and commonly employed technique in criminal
justice system. It has several advantages including low DNA template requirement,
speedy and accurate allele determination, fluorescence-based detection and multi-
plex amplification, employment of the plentiful genomic element and digitized
results. Present, STR-based databases have been established by more than
60 countries, and these databases persist to grow quickly. For instance, over 27 mil-
lion entries are there in the forensic database of China (Ministry of Public
Security-China 2012). Statistically, there is higher probability of an accidental
correlation between unrelated individuals if analysis is based solely on 13 CODIS
STR markers of routine use i.e., FGA, CSF1PO, TPOX, THO1, VWA, D5S818,
D3S1358, D8S1179, D7S820, D16S539, D13S317, D21S11, and D18S51 or
15 markers (13 CODIS loci plus D19S433 and D2S1338). Assimilation of more
STR markers is thus recommended to avoid this unfavorable situation. However,
owing to technical faults of fluorescent-based CE sequencers which are presently in
use, detection of more STR markers at the same time, would not be an easy task.
Conventional CE-based STR typing using CE is unable to distinguish identical
alleles of varied sequences. As a result, this technique fails to resolve cases of
STR mutations in complex paternity disputes. Mixed DNA samples pose additional
challenge in forensic DNA investigations. Such samples have low rates of detection
and thus, are not so helpful in forensic investigations. In the beginning, NGS
technology was not considered fit for STR analysis due to much shorter read length.
However, with technological advancements; continual efforts have been made to
increase the average read length. Many researchers have now employed NGS
technology for STR analysis as it is able to easily distinguish similar length alleles,
digital read count could considerably smooth the process of complex paternity
analysis and the recognition of compromised DNA samples. For instance, a pioneer
research has been conducted by Zajac and his colleagues. In their study, by
454 Genome Sequencing System, they used trinucleotide threading (TnT) approach
to analyze three CODIS STR loci, D18S51, TPOX, and CSF1PO (Zajac et al. 2009).
After this, Irwin et al., coupled with multiplex identifier technology, analyzed
13 CODIS STR loci for single source samples using 454 GS Junior system (Irwin
etal. 2011). Bornman et al. went a step ahead and demonstrated that the AMEL gene
and 13 CODIS STR loci can be accurately identified using high-throughput sequenc-
ing technology even for mixed samples (Bornman et al. 2012). Warshauer et al.
developed software named STRait Razor, able to analyze NGS data for 44 STRs,
including 21 Y and 23 autosomal chromosome STRs (Warshauer et al. 2013). Van
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Neste et al. established a reference allele database using Illumina’s MiSeq system to
detect mixed and single source DNA samples; they found that genotyping results of
most locus were reliable and stable (Van Neste et al. 2014). NGS technology thus,
can considerably assist the analysis of complex and compromised DNA samples and
consequently can significantly enhance the cost-efficacy and competence of cases of
forensic interest.

3.6.2.2 Single Nucleotide Polymorphisms (SNP)

The ‘whole-genome sequencing’ based on NGS enables the exploitation of SNPs in
large scale for criminal investigation with higher accuracy. Multiple important
morphological characters for instance skin, hair, and eye color have been predicted
with 80-90% accuracy rate by this method. SNP technique also overcomes the
stuttering artifacts and it has comparatively less chance of mutation that enables it
to prove the kinship (Berglund et al. 2011).

3.6.2.3 Uniparental Markers (Lineage-Based Genetic Markers)

Mitochondrial DNA (MtDNA)

mtDNA has proved its utility as a potential forensic tool due to its characteristics like
small size, maternal inheritance, multiple copies, lack of recombination, and high
mutation rate, in variety of cases involving low amounts of DNA is recovered and
where maternal lineage is under investigation. Current forensic mtDNA analysis
usually detects only polymorphisms within a hypervariable region. However, addi-
tional polymorphic loci are required for using mtDNA as a genetic haplotype marker
and to enhance the discriminating capacity of identification. Consequently, NGS
technology has great prospective in whole mitochondrial sequences analysis.
Binladen et al. utilized a technique of coding of primer and created 256 tagged
primers to be used in multiple parallel sequencing, which allowed sequencing of
256 samples in one run (Binladen et al. 2007). Gunnarsdottir et al. simultaneously
sequenced complete mitochondrial genomes of 109 Filipino individuals using NGS
technology (Gunnarsdottir et al. 2011). Heteroplasmy of human mtDNA is a very
common event and is often encountered in different cells of an individual (Cao et al.
2006). Forensic mitochondrial analysis is often get affected by mtDNA
heteroplasmy. The advantages of detecting heteroplasmy at the whole mitochondrial
genome level by using NGS (Li et al. 2010) includes high sensitivity and accuracy,
low cost, simple operation, and high throughput (Tang and Huang 2010). A different
study used 454 GS Junior system to simultaneously examine; a Y chromosome STR
locus (DYS389I/1), an Autosomal STR locus (D18S51) and multiple mitochondrial
hypervariable regions and results confirmed that a mixing ratio as minimal as 1:250
of two DNA sources is detectable. Authors further assert that a mixing ratio as low as
1:1000 might be detectable by increasing the sequencing coverage (Holland et al.
2011). Sixty-four complete mitochondrial genome sequences were examined in
order to evaluate the haplotypes defined via NGS technology at complete mitochon-
drial genome level with conventional Sanger sequencing. The results manifested
differences in <0.02% of nucleotides by employing these methods. Distinction was
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noticed in or around homopolymeric stretches, as these areas are more susceptible to
sequencing flaws (Parson et al. 2013). Mikkelsen et al. described that if the results
have careful visual inspection, in homopolymers, by using the 454 NGS method, up
to six bases, 95% of the reads could be correctly sequenced (Mikkelsen et al. 2014).
Earlier-unreported heteroplasmy in GM9947A component of the National Institute
of Standards and Technology human mtDNA SRM-2392 standard reference was
revealed. The recent developments in the complete mtDNA sequencing based on
NGS technology overcome the limitation of only noncoding region sequencing. By
virtue of NGS new mtDNA phylogeny and haplogroups have been discovered and
important ancestry-based biogeographical markers are also found. NGS also solved
the problem of mtDNA heteroplasmy due to mixed samples from the same person
(Melton et al. 2012).

Y-STR

Use of Y-STRs explicitly resolves inferential issues of paternal relationships among
male individuals and to determine male DNA mixed with high female background.
NGS technology was used to compare more than 10,000,000 nucleotides of the Y
chromosome of two males who have same ancestry before 13 generations were
compared (Xue et al. 2009). Four genetic distinctions were revealed which suggested
that Y chromosome sequencing could be used to resolve issues related to discrimi-
nation between mixed male samples offspring of the same parents. Van Geystelen
et al. used Y chromosome SNPs to develop AMY-tree and fruitfully confirmed the
variations among 118 unrelated males belonging to 109 diverse geographical
locations (Van Geystelen et al. 2013a, b). From this research, AMY-tree emerged
out as a potential tool for determining Y chromosome pedigrees and identifying
unknown Y-SNPs belonging to diverse geographical locations. NGS technology is
very useful in the Y chromosome sequencing of mixed DNA samples of male
perpetrators belong to the same parent to distinguish them individually.

3.6.2.4 Epigenetic Markers

Several recent studies suggest various applicabilities of epigenetic markers in the
field of forensic science. Epigenetic markers can be used to predict tissue type
(Frumkin et al. 2011), to distinguish monozygotic (MZ) twins (Li et al. 2013), and
to determine the age of a DNA donor with precision (Bocklandt et al. 2011a).
Epigenetic markers are capable of identifying the specific body fluid source of
DNA, the age of the source person, and DNA fabrication (Lee et al. 2012; Bocklandt
et al. 2011b; Courts and Madea 2011). NGS technology-based epigenetic
approaches comprise complete-genome methylation beadchips, bisulfite sequencing
(Grunau et al. 2001), methylated DNA immunoprecipitation sequencing (Weber
et al. 2005) and reduced representation bisulfate sequencing (Meissner et al. 2005).
Since these sequencing methods require DNA samples in large amount; their
capability to utilize minute DNA samples will be critical for the accomplishment
of this technique. However, traces of DNA (say about 100 pg) have been effectively
analyzed through genome-wide amplification of a bisulfite-modified DNA template,
subsequently pyro-sequenced quantitative methylation detection (Paliwal et al.
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2010). Another encouraging study was performed with trace blood spot samples
using bisulfate genomic DNA sequencing (Xu et al. 2012).

3.6.2.5 MicroRNA (miRNA)

MicroRNAs are a set of minute endogenous RNA molecules having length range of
18-24 nucleotides. Due to their relative resilience to deterioration, tiny size and
extremely tissue-divergent or tissue-specific expression, they are considered to be
appropriate for forensic identification of body fluids, postmortem interval (PMI)
analysis and species identification (Courts and Madea 2010). For body fluid identi-
fication due to its tissue-specific expression, it is an ideal biomarker. Introduction of
miRNAs in the field of forensic sciences is a recent event. Mostly RT-PCR and
biochip technology are used for the analysis of miRNA. Hanson et al., in the year
2009 initiated the use of miRNA profiling in forensic science and demonstrated that
from forensic samples 452 miRNAs were genotyped by means of quantitative PCR
method (Hanson et al. 2009). In a different study, on a microarray, the expression
levels of 718 miRNAs in menstrual blood, saliva, venous blood, semen and vaginal
secretions were profiled (Zubakov et al. 2010). Among these, 14 differentially
expressed miRNAs were recognized as probable candidates for identification of
body fluid. Millions of miRNA sequences can be analyzed quickly by using NGS
technology, to identify miRNA expression in diverse disease states as well as organ-
and developmental stage-specific expression, thus acting as a promising instrument
for forensic analysis. For miRNA profiling, NGS is highly sensitive (Courts and
Madea 2010; Wang et al. 2012).

3.7 Conclusion

DNA profiling has brought a boom in forensic science, but it was not just an
overnight miracle. It is a bonafide result of the tireless efforts of the researchers of
this field over last several decades that DNA profiling technique has emerged and
established itself as an infallible technique for personal identification. This technique
has changed lives of many people, not only those who have been awarded time to
time in making significant contribution to this field, but also to those people who
were waiting for justice. Advancements are being made in this field at a higher pace.
NGS has undoubtedly given birth to the opportunity of extremely responsive and
high-throughput analysis. However, more work is required to fulfill this objective,
especially to overcome the problems with error rate, low-template library prepara-
tion, issues with NGS data processing and mining and type estimations. There is a
need of generation of guidelines for NGS’s applications in field of criminal justice
system. With unremitting translational efforts of forensic scientists and technical
advancements of NGS technology, it is hopefully believed that those days are not far
away when NGS technology would probably become an effortlessly available
customary practice in forensic science.
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4.1 Introduction

DNA is the most sensitive and reliable evidence for the assessment of personal
identity and has now become a backbone of the criminal justice system. DNA
analysis is the ‘gold standard’ of forensic science and the preferred method of
personal identification (Lynch 2003), given its exclusivity (with the exception of
identical twins) and usefulness in proving the guilt or innocence especially in sexual
assault cases. The DNA evidence which is collected from the crime scene can
identify and/or eliminate the person from the existing pool of suspects in an investi-
gation making the investigation scientific and thus more reliable. With the continual
advancement in the DNA know-how, the technology has become faster, cheaper and
more accessible. With the help of DNA databases (like Combined DNA Index
System (CODIS) and now expanded CODIS), it is possible to trace or connect the
same suspect locally, nationally, or internationally, watch list of investigating/watch
list of investigating agencies (Ashcroft et al. 2002).

DNA is also known as the ‘blueprint of life’. The information within the DNA
‘blueprint’ is coded by the series of the four different nitrogenous bases, adenine,
guanine, thymine and cytosine, on the sugar-phosphate backbone (Fig. 4.1). DNA is
the sequence of the ‘nucleotide base pairs’ that link the two strands of the double
helix which is composed of sugar and phosphate (Goodwin et al. 2007; Kaye 2007).
With the known exception of RBCs, DNA is found in all the cells of human and

DNA= BLUE PRINT OF LIFE

Fig. 4.1 DNA the ‘Blueprint of life’
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Fig. 4.2 Some of the biological evidences as the potential source of DNA

animal biological origin. It also remains unchanged throughout life. Every
individual’s genome possesses a vast quantity of DNA that is a likely target for
DNA profiling even from a sample which is very much degraded.

Fingerprints were and still are said to be an ‘infallible’ means of individualisation
and identification (Kapoor and Badiye 2015a, b, c). However, it has undergone quite
some criticism and scrutiny in the scientific community as well as the court of law in
the recent past (de Villiers 2014). Also, owing to the increasing awareness among the
criminals, they often wear gloves while committing a crime, ensuring not to leave
behind fingerprints that could lead the investigators to them (Harris 2001). Addi-
tionally, the skillful lifting of the chance prints from the scene of occurrence is
another challenge. But, in several cases, the suspects unknowingly and invariably
leave other traces (biological/trace evidences) like blood, semen, saliva, skin, sweat,
hair, among others (Fig. 4.2). These pieces of evidence can then be utilised to
determine the DNA profile of the person.
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In the last two decades, there have been several attempts to further work on the
lines of Locards’ Principle of Exchange (Locard 1930), which states that ‘every
touch/contact leaves a trace’ and hence, DNA of the individual would be found on
any surface that was touched/contacted (Phipps and Petricevic 2007; Daly et al.
2012; Polley et al. 2006; Allen et al. 2008). Therefore, another advancement in the
present-day DNA technique is ‘“Touch DNA’. Even if a person wore gloves during
the crime, and the gloves are dumped and recovered at someplace near the crime
scene, the inner side of the gloves would be sufficient to reveal the DNA profile of
the individual (Goray et al. 2019).

Although the DNA evidence found may be aged or often degraded, but the
damage still usually would not prevent the DNA analysis. With modern
progressions, it is now possible to obtain a complete DNA profile even from highly
degraded samples. Continual advancements in multiplex kits including several
works on keeping more and more markers in size less than 250 bp in a single
multiplex, use of improved master mix and Taq polymerase have helped in forensic
DNA analysis (Shrivastava et al. 2016).

4.2 DNA Evidence and Its Applications

DNA as evidence has potential use in several fields (Fig. 4.3) including criminal,
civil, immigration and other cases. DNA in the form of biological evidence may be
encountered by the investigators in various type of criminal cases such as (but not
limited to) murder, rape, gang-rape, sexual assault, sexual abuse, child abuse,
unnatural sexual offences (like buccal coitus, sodomy, bestiality, etc.), sexual
perversions (sadism, fetishism, necrophilia, etc.), theft, robbery, mass-graves,
drowning, mutilation of the dead body, necrophagy, black magic related crimes,
disfigured/dismembered/burnt bodies, and wildlife crimes.

DNA as evidence may also be useful in cases of accidental deaths, mass-disasters,
exhumation cases, archaeological cases, etc. Additionally, it can also be utilised in
civil cases such as maternity-paternity dispute cases, immigration cases, adultery,
recognition of legal heirs, in the cases involving the exchange of babies in the
hospital or baby care centre, and identification of the missing person (after elapsed
time). Old, cold and unsolved cases have also been solved with the help of DNA
evidence. The DNA databases of various agencies across the world facilitates law
enforcement by aiding in investigations by successfully identifying suspects and
related sequential/serial crimes committed in one or more jurisdictions.

In the earliest known case, DNA as evidence was used in the rape cum murder
case of a 15-year-old Dawn Ashworth in Leicestershire, England in July 1986
(Hodge 2017; Arnaud 2017). According to the discovery of Dr Alec Jeffreys, the
DNA patterns of individuals were dissimilar and accounted for the individualisation
of the person (Jeffreys et al. 1985a, b, c). In the Ashworth murder case, the police
officer took the help of Dr Alec Jeffreys’ technique. He used the DNA recognition
technique by analysing the blood, and saliva samples of available tracked suspect
Richard Buckland, who had already confessed to Ashworth’s murder. But the result
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Fig. 4.3 The DNA evidence and its applications

of the matching of DNA of suspect with the sample collected from the crime scene
was found to be a non-match. Further, 4000 samples of men aged between 17 and
34 years from the Leicestershire area were examined. The result stated that the DNA
of these men did not match with the suspect sample. Meanwhile, someone overheard
a man boasting about how he had been paid to give a sample in someone else’s place.
In 1987, the police officer found that local baker Colin Pitchfork had denied giving a
sample for assessing DNA. When Pitchfork’s DNA was examined, it matched with
the crime scene samples. Pitchfork was detained on Sept 19, 1987, convicted and
sentenced to life in prison a year later (Hodge 2017; Arnaud 2017).

Since many years, DNA has turned out to be one of the most powerful tools, to
evaluate the identity of suspects and victims, convict the blameworthy, and vindicate
the innocent. The DNA profiling technology has so advanced and developed now
that degraded samples, archaeological samples, and even world war victim’s
samples can be analysed (Alghafri et al. 2018). Even a slight touch can establish
linkage of someone at a crime scene. With the availability of many techniques for
individualisation by DNA tests, the courts demand further promising result with
greater accuracy (Dash et al. 2020). Few courts require for experts to not only deliver



74 A. Badiye et al.

the DNA profiles but also to give the quantitative assessment of how uncommon the
identifying features among the particular groups and subgroups are (National
Research Council (US) Committee on DNA Forensic Science 1996).

There are some cases that pose challenging conditions for establishing personal
identity. Like in cases of drowning, the body after being submerged in water is often
all swollen up and is in a highly decomposed state. In cases of burning/charring of
the body, all/most of the features permitting personal identification are lost. In cases
of the crushed face, or a mutilated body or severing off of the head from the torso
also prevents identification of the person. Fingerprints of innocent are often not
present on any records to permit comparison and identification. In cases of
skeletonised remains or recovery of skeletons (complete or partial), it becomes
problematic to estimate the sex of the person. In all these seemingly ‘difficult’
cases, DNA-based methods have proved to be better in providing accurate results.
Especially in comparison with the anthropological methods of sex determination
which relies on the anthropometric landmarks of skull, mandible and other bones
(but is often quite confusing in Indian context wherein the population is
non-homogenous), DNA-based methods more often than not offer quick and accu-
rate results.

4.3 DNA Evidence at the Scene of Crime

The crime scene is a place where the crime has occurred, or the evidence related to a
crime are found. In a broader sense, it will also include the victim/survivor, the
assailant, dumping areas (where the dead body or other related evidence may have
been thrown or dumped or disposed of), the weapon of offence, the clothes of all
those involved and surfaces or object touched/used. The presence of DNA usually
proves the presence of a person on the spot or his/her involvement in the crime.
While mere presence or absence of DNA evidence may not be sufficient to rule-in or
rule-out an individual as the perpetrator, but it does shift the burden of proof on such
a person.

It is essential to understand the intricacies of DNA evidence encountered at the
place of occurrence of a crime or on a person involved in a crime. The crime scene is
to be secured to prevent unauthorised access. Crowding of the scene is to be avoided/
minimised at all costs. The pieces of evidence should be searched using an appro-
priate method(s) depending upon the crime scene. Labelling of the location of the
evidence must be followed by the documentation of the crime scene (using any one
or combination of these methods, i.e. notes taking/sketching/photography/videogra-
phy). Once this has been done, the next step of foremost importance would be the
recognition of evidence or the source from which such biological material or
evidence may be obtained that can be a potential source of DNA. The evidence
can occur in varied forms (solid, liquid, semisolid, dried), at different locations
(primary crime scene, secondary crime scene, tertiary crime scene, etc.) and in
different conditions (pure, mixed, contaminated, diluted, etc.). The various sources
of DNA from some of the biological evidences at the scene are shown in Fig. 4.2.
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These may be found on any of the victim and/or assailant and the objects associated
with them such as the weapon of offence, fingernails of the victim/survivor, cigarette
stub, clothes and garments of the victim and/or assailant and/or witnesses, used
condoms, bedsheets, or surfaces or objects touched or contacted by them.

The crime scene investigation is a complex and meticulous process. For success-
ful conviction, it essential that the evidence is appropriately recognised, collected,
preserved, packed, stored, forwarded to the Forensic Science Laboratory, appropri-
ately analysed in the lab and reported. All these steps should be free from contami-
nation and cross-contamination. A proper chain of custody should be maintained
throughout the process (Badiye et al. 2019). Additionally, taking care of the quality
control issues at every step is also imperative. The expert performing the DNA
analysis should be proficient and well versed with the techniques and other relevant
details so as to face and withstand the scrutiny of the legal and judicial system.

Forensic Science is the field that acts as a bridge between the investigation and
trial. Its knowledge facilitates the crime scene analyst to collect the physical evi-
dence scientifically, the laboratory analyst/scientific officer to appropriately analyse
the evidence and present the findings in the form of a scientific report in the court
of law.

The collection method used should be appropriate and as per the need of the
sample (Dash et al. 2020). Gloves must be used to handle all the exhibits or potential
sources of evidence. Fresh gloves must be used for touching different objects/
evidence stained with biological fluids. To reduce the risk of contamination, the
crime scene analyst must invariably use PPE (personal protective equipment,
i.e. coveralls, gloves, shoe-covers, headgear/headcover, mask, eyewear/safety gog-
gles). The sterile and disposable materials and supplies must be used for collection.
The blood sample, semen, saliva or other stains collected from the crime scene must
be invariably air-dried at room temperature and stored in paper bags rather than
directly in plastic to avoid degradation and prevent microbial contamination. Ade-
quate quantities must be collected so as to ensure multiple testing (if required).
Shreds of evidence, even if of the same type, if obtained from different places/
sources at the crime scene, must be packed separately. For collecting liquid samples,
appropriate preservatives (e.g. EDTA vials for liquid blood samples) must be used. If
appropriate preservatives are not available for liquid samples, they must be stored at
a cold temperature (at 4 °C or a freezer at —20 °C to reduce microorganisms’ growth
rate and to avoid DNA degradation) and immediately transferred to the lab
(Magalhdes et al. 2015). For dried stains, swabbing with the help of sterile swab
((saline) wet and/or dry swabbing) may be used. In sexual assault cases, the
fingernail scrapping of the victim as well as the suspect(s) is of immense importance.
The doctors examining the victim/survivor of rape/sexual assault must keep an
empathetic attitude and must follow the appropriate guidelines of examination and
must not end-up further distressing the survivor. The appropriate method of man-
agement of biological evidence for DNA analysis should be used (Kleypas and
Badiye 2020; Magalhaes et al. 2015; Lee and Ladd 2001; Baxter 2015).
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Fig. 4.4 DNA evidence from the crime scene to courtroom

The packaging of the evidence should be done in tamper-proof and/or tamper-
evident bags. The labelling should be appropriate with the signature of witnesses at
the appropriate place. The transportation to the laboratory should be secured. At the
laboratory, the sample would be received and sent to the appropriate section/division
for further processing and examination. After initial characterisation, the extraction
of the DNA would be done using an appropriate method (depending upon the type of
sample and availability of resources). It would be followed by the quantification of
DNA, amplification by PCR (polymerase Chain Reaction), detection of PCR prod-
uct, obtaining the DNA profile followed by the analysis, interpretation, evaluation
and finally reporting (Fig. 4.4).

On analysis of the DNA evidence, there is a possibility of obtaining either of the
following results (Lynch 2003):

* Inclusion: If the DNA profile of the suspect matches with the DNA profile
obtained from the exhibit, the results are considered to be an ‘inclusion’ or
‘non-exclusion’, i.e. the suspect is included (and hence not excluded) as a
possible source of the contributor to the DNA exhibit (Lynch 2003).

* Exclusion: If the DNA profile of the suspect does not match with the DNA profile
obtained from the exhibit, the results are considered to be an ‘exclusion’ or ‘non-
inclusion’ i.e. the suspect may be excluded (and hence not included) as a possible
contributor to DNA exhibit (Lynch 2003).

* Inconclusive Result: As a third possibility, the results may be ‘inconclusive’.
There may be several reasons for the same, including, degraded or contaminated
samples, mixed samples or samples not adequately preserved (Lynch 2003).
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4.4  Solved Criminal Cases by Using DNA Technology

We discuss herein some fascinating cases that involved the use of DNA as the
primary evidence and have led to solving the mystery of these crimes. The first case
study was of a case of sexual assault (Sect. 4.4.1). The second case study was of a
case of sexual assault followed by the murder of an 8-year-old girl child. The face of
the girl child was disfigured by crushing with a heavy stone. For confirming the
identity of the girl, paternity testing was also conducted (Sect. 4.4.2). The third case
study involved a case wherein a girl was gang-raped by three men but trying to be
‘ahead’ of the investigating agencies, all three of them wore condoms. The outside,
as well as the inside of the condoms, were tested and profiled. The investigating
team, as well as the forensic science laboratory, worked in tandem to effectively
solve this case without the loss of evidence (Sect. 4.4.3). The fourth case study
depicts the advantage of the use of DNA technology over the traditional anthropo-
logical assessments used to determine the sex of the skeletal remains found at a crime
scene (Sect. 4.4.4). The fifth case study involves a case of rape on a minor. The
vaginal swab of the girl child did not reveal the presence of male DNA, but penile
swab of the suspect showed the presence of the girl child’s DNA (Sect. 4.4.5).

4.4.1 Case 1: A Case of Sexual Assault Confirmed by Using DNA
Technology

In a case of sexual assault blood sample of the victim, the blood sample of the
suspect, undergarment of the victim and vaginal smear slide of the victim were
received for forensic DNA examination. DNA was extracted from the reference
blood sample of the victim and suspect, using an automated DNA extraction system
AutoMateExpress™ (ThermoFisher Scientific) as per the protocol of the manufac-
turer. The differential extraction procedure was followed for obtaining male and
female DNA from undergarment and vaginal smear slide of the victim. Obtained
DNA was quantified using ABI 7500 Real-Time PCR (Thermo Fisher Scientific)
using the manufacturer recommended protocol. Five hundred picogram of DNA was
amplified using ABI Global Filer™ multiplex kit as per recommendations of the
manufacturer. The amplified DNA fragments were run separated using Genetic
Analyser ABI 3500XL as per recommendations of the manufacturer, and the
obtained data were analysed using GeneMapper® ID-X software v1.5. Mixed
autosomal STR profile was detected on the source of both the articles of the victim.
All the alleles in the DNA profile of the victim and accused were observed in the
mixed DNA profile observed on the source of the victim. Thus, the obtained results
confirmed the transfer of male’s DNA on the source objects of the victim (Table 4.1).
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Table 4.1 Mixed autosomal STR DNA profile obtained in a case of sexual assault

Article A Article B Article C Article E

Undergarment Vaginal slide Blood sample of Blood sample of
Genetic markers | of victim of victim the victim accused
D3S1358 15,16,18 15,16,18 15,18 16
vWA 17,18 17,18 17 18
D16S539 9,11,12,13 9,11,12,13 12,13 9,11
CSF1PO 11,12,13 11,12,13 11,13 11,12
TPOX 8,9,10,11 8,9,10,11 8,11 9,10
D8S1179 8,12,13,16 8,12,13,16 8,16 12,13
D21S11 30,33.2 30,33.2 30 30,33.2
D18S51 13,16 13,16 16 13,16
D2S441 10,11 10,11 10 10,11
D19S433 13,13.2 13,13.2 13 13,13.2
THO1 8,9 8,9 9 8
FGA 19,21,23,26 19,21,23,26 19,21 23,26
D22S51045 11,12,15 11,12,15 11,12 12,15
D5S818 10,11,12 10,11,12 12 10,11
D13S317 9,10,12,13 9,10,12,13 9,13 10,12
D7S820 8,11 8,11 8 8,11
SE33 20,27.2,28.2 20,27.2,28.2 27.2,28.2 20,27.2
D10S1248 14,15,16 14,15,16 15,16 14
D1S1656 11,15,16,17 11,15,16,17 11,16 15,17
D12S391 18,19,20,21 18,19,20,21 20,21 18,19
D2S1338 23,25 23,25 23,25 23
AMELOGENIN | XY XY XX XY
DYS391* 11 11 - 11
Y INDEL? 2 2 - 2

“*Markers indicative of male DNA

4.4.2 Case 2: A Case of Sexual Assault Followed by the Murder of an
8-Year-0Old Girl Child Confirmed by Using DNA Technology

In 2013, an 8-year girl was found brutally murdered by crushing her face with a
heavy stone after cutting her neck. With few clues, a suspect was arrested, and the
high-level investigation team sent the case exhibits for biological examination to
Regional Forensic Science Laboratory, Bhopal. The biological and serological
examination suggested the presence of spermatozoa and also the similar blood
group on the seized exhibits.

After this confirmation, the case was referred for DNA fingerprinting examina-
tion. As per the directions given by DNA Fingerprinting Unit, State Forensic Science
Laboratory, Sagar, Madhya Pradesh, India, the samples from parents of the deceased
were also sent to the laboratory for confirming the identity of the girl child. This was
directed because the head was crushed, and the girl was identified by her dress
(frock). The exhibits on which male mixed DNA was expected were processed using
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the Phenol Chloroform Isoamyl Alcohol (PCI) differential DNA extraction method,
and the teeth of girl and the reference samples from the parents were processed by
Phenol Chloroform Isoamyl Alcohol (PCI) (Kochl et al. 2005) organic DNA extrac-
tion method. The obtained DNA was amplified with the then-available 15 autosomal
marker AmpfI[STR® Identifiler plus PCR Amplification Multiplex kit (ABI/Now,
Thermo Fisher Scientific). The amplicons were run on Genetic Analyser ABI
3100XL, and the obtained data were analysed using GeneMapper®™ ID software
v3.2. A mixed autosomal STR profile was detected with the source of both the
articles of the victim. All the alleles in the DNA profile of the victim and accused
were observed in the mixed DNA profile obtained from the source of the victim.
Thus, the obtained results confirmed the transfer of the deceased’s DNA on the
source clothes of the accused, and weapon of offence (stone and trowel (a mason
tool) (Table 4.2). The results also confirmed the presence of the DNA of the accused
on the clothes (Frock, Stain 3) of the deceased (Table 4.2). The biological relation-
ship of the girl child (deceased) is confirmed by matching the DNA profile of parents
(Table 4.3).

4.4.3 Case 3: A Gang-Rape Case Solved by Using Present-Day DNA
Technology

A lady was sexually assaulted by three persons, who used condoms that were
recovered from the crime scene. The investigating officer contacted the experts at
DNA division and very wisely seized all the three condoms, tied those and sent them
to the DNA Unit, State FSL, Sagar. The laboratory carried out the DNA examina-
tion. In this gang-rape case, the blood sample of the victim, three suspects, along
with a vaginal slide of the victim, were sent for DNA examination. DNA was
extracted from the reference blood sample of victims and suspects, using Phenol
Chloroform Isoamyl Alcohol (PCI) organic DNA extraction method. Outer and
inner portions of all three condoms were processed separately. DNA from condoms
and vaginal smear slide were extracted by phenol-chloroform extraction. Obtained
DNA was quantified using ABI 7000 Real-Time PCR (Thermo Fisher Scientific)
and Quantifiler™ Duo DNA Quantification Kit (Thermo Fisher Scientific) using the
manufacturer’s protocol. One nanogram of DNA was amplified using PowerPlex™
16HS Multiplex kit (Promega Corporation) as per the recommendations of the
manufacturer. The amplified DNA fragments were separated using Genetic Analyser
ABI 3100 as per recommendations of the manufacturer, and the obtained data were
analysed using GeneMapper software v3.2. The obtained genotyping results are
presented in Tables 4.4 and 4.5.

The obtained results, in this case, using autosomal STR, confirmed that all three
condoms were used with the same lady. The profile obtained from the blood sample
and vaginal slide of the victim and DNA profile observed from the outer surface of
all three condoms were the same, confirming that all three condoms were used with
the same lady (Table 4.4). However, three different DNA profiles were observed
from the inner part of all three condoms (Table 4.5), confirming the involvement of
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Table 4.3 Autosomal STR DNA profile in the case of the brutal murder of a girl child confirming

parentage

Blood sample of | Teeth and muscle attached with a | Blood sample of
Genetic markers | Father piece of jaw Mother
D8S1179 14,15 10,15 10,14
D21S11 31,31.2 28,31 28
D7S820 10 8,10 8,13
CSF1PO 11,12 11,12 12
D3S1358 16,17 17,18 17,18
THOL1 6,8 6,9 9
D13S317 10,12 11,12 8,11
D16S539 8,11 11,13 11,13
D2S1338 20,21 21,23 23,24
D19S433 11.2,14 14,14 14,16
VWA 17,18 18,19 19
TPOX 9,11 8,11 8
D18S51 12,19 17,19 15,17
D5S818 11,12 11,11 9,11
FGA 22 20,22 20,23
AMELOGENIN | XY XX XX

Table 4.4 DNA profile obtained from the outer surface of the three condoms and blood sample
and vaginal slide of the victim

Genetic markers

DNA profile obtained
from outer portion of
condom 1, 2 and 3

DNA profile obtained
from the blood
sample of the victim

DNA profile obtained
from vaginal slide
sample of the victim

D3S1358 14,17 14,17 14,17
THO1 6 6 6
D21S11 29,30 29,30 29,30
D18S51 11,16 11,16 11,16
Penta E 14,16 14,16 14,16
D5S818 10,11 10,11 10,11
D13S317 11,12 11,12 11,12
D7S820 9,12 9,12 9,12
D16S539 12 12 12
CSF1PO 11 11 11
Penta D 10,11 10,11 10,11
vWA 17 17 17
D8S1179 12,13 12,13 12,13
TPOX 11 11 11
FGA 21,23 21,23 21,23
AMELOGENIN | XX XX XX
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Table 4.5 DNA profile obtained from the inner surface of the three condoms

The inner The inner The inner

portion of | portion of portion of | Suspect Suspect | Suspect
Genetic markers | condom 1 | condom 2 condom 3 1 2 3
D3S1358 15,17 15,16 16,16 15,16 12,14 15,17
THO1 9,9 7,9.3 9,9 7,9.3 7,10 9,9
D21S11 29,34.2 322,342 30,32.2 322342 |24,27 29,34.2
D18S51 14,21 14,16 14,15 14,16 9,11 14,21
Penta E 7,13 7,19 10,12 7,19 8,11 7,13
D5S818 12,13 11,13 11,11 11,13 12,12 12,13
D13S317 11,12 10,11 8,11 10,11 8,12 11,12
D7S820 8,8 11,11 7,10 11,11 13,14 8,8
D16S539 10,11 11,12 11,13 11,12 13,15 10,11
CSF1PO 11,11 9,13 10,12 9,13 12,12 11,11
Penta D 10,14 11,13 10,12 11,13 11,14 10,14
vWA 14,17 15,18 17,19 15,18 19,21 14,17
D8S1179 14,15 10,16 15,17 10,16 17,17 14,15
TPOX 8,11 9,11 9,11 9,11 12,13 8,11
FGA 19,24 20,23 24,24 20,23 21,23 19,24
AMELOGENIN | XY XY XY XY XY XY

three distinct persons. The two autosomal STR profiles obtained from two different
inner portions of condoms were found to match with the profiles of the two suspects
(Table 4.5).

4.4.4 Case 4: A Case of Identification of a Mutilated
Decomposed Body

A mutilated body in an advanced stage of decomposition was recovered from a
drain. The medical doctor that conducted the autopsy preserved the skull (with
missing frontal bone and teeth intact) and long bone (femur) for DNA-based
identification. DNA fingerprinting analysis was carried out by the Forensic Science
Laboratory. The blood samples of the presumed father and mother were also sent to
the lab, along with their written informed consent. The DNA laboratory used an
organic extraction method for all the samples. It was followed by the amplification of
15 autosomal STR markers by a multiplex polymerase chain reaction. The PCR
product was detected by Genetic Analyser 3100 and analysed by GeneMapper v3.2.
Half of the alleles of each genetic marker analysed for presumed father as well as
the mother’s blood sample were found to be present in the profile generated from the
bone and skull of the deceased (Table 4.6). In this process, the identification of the
deceased individual was established to be the biological son of the putative father
and mother.
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Table 4.6 Autosomal STR DNA profile obtained from the blood samples of presumed father and
mother and the unidentified skull and femur bone using PowerPlex" 16HS Multiplex kit (Promega
Corporation)

Blood sample of the Unidentified Blood sample of the
Genetic markers | presumed father skull/femur presumed mother
D3S1358 15,18 17,18 15,17
THO1 8,9 9,9 9,9
D21S11 31.2,32.2 31,31.2 31,322
D18S51 14,17 16,17 14,16
Penta E 11,20 11,18 15,18
D5S818 11,11 11,13 11,13
D13S317 11,11 11,11 8,11
D7S820 10,11 10,11 8,10
D16S539 11,11 11,11 11,11
CSF1PO 12,12 11,12 10,11
Penta D 10,10 9,10 9,10
VWA 14,15 14,17 17,18
D8S1179 14,15 15,15 13,15
TPOX 8,11 11,11 8,11
FGA 23,24 22,23 20,22
AMELOGENIN | XY XY X, X

4.4.5 Case 5: Child Sexual Abuse Case

In the sexual cases involving minors (age of girl child less than 10 years), it is
challenging to prove the guilt as the vagina of the girl concerned is not prepared at
this age to bear the force generated during the attempt of an adult penetration. As a
consequence, the vagina of the girl gets ruptured and results in severe bleeding. With
the experience of practically handling cases, as forensic DNA expert, the authors are
of the opinion that these cases are usually linked by observing the immediate transfer
of victim’s blood after the incidence. In these cases, penile swabs and the
undergarments of accused/suspect have been observed to be better objects in proving
the guilt by using forensic DNA technology instead of vaginal slides and swabs. In a
case of sexual assault against a girl child aged 5 years, vaginal swab and slide of the
victim, clothes of victim, undergarment and a penile swab of the suspect along with
referral blood sample of the suspect were received for DNA examination. DNA was
extracted from the reference blood sample of the suspect by Automated DNA
extraction system (12 GC, PSS, Japan). DNA from vaginal swab and slide of the
victim, clothes of victim, undergarment and a penile swab of the suspect was
extracted using Phenol Chloroform Isoamyl Alcohol (PCIA) organic DNA extrac-
tion method. The final obtained DNA was concentrated using 30 KD Microcon
concentration device (Millipore). The final DNA was eluted to 20 pL in Tris EDTA
buffer. Differential extraction method (Butler 2012) was adopted in extracting DNA
from vaginal swab and slide of the victim. Obtained DNA was quantified using ABI
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7000 Real-Time PCR (ThermoFisherScientific) and Quantifiler™ Duo DNA Quanti
fication Kit (ThermoFisher Scientific) using the manufacturer’s protocol. Presence of
male DNA could not be observed by RT PCR analysis. One nanogram of DNA was
amplified using AmpfISTR identifiler plus multiplex kit (ABI/Thermo Fisher Scien-
tific) and the then-available AmpfISTR Y filer kit as per the recommendations of the
manufacturer, except the half-reaction volume was used. The amplified DNA
fragments were separated using Genetic Analyser ABI 3100 as per recommendations
of the manufacturer, and the obtained data were analysed using GeneMapper
software v3.2. No male DNA could be detected by the use of Y-STRs multiplex
kit. The obtained genotyping results with autosomal STR typing are presented in
Table 4.7. Presence of the female DNA profile was observed from the source of
vaginal swab and slide of the victim was observed on the source of penis and
undergarment of the suspect, thus establishing the body fluid transfer conclusively
using forensic DNA technology.

4.5 Conclusion

DNA forensics will continue to progress. Modern DNA forensic methods are
authoritative and subtle. As the sensitivity of DNA techniques increases, so does
the risks of contamination and secondary transfer of DNA material. The issues of
contaminations during every step from sampling, analysis, and finally to report,

Table 4.7 DNA profile observed in the case using AmpfISTR® identifiler plus kit

Article A Article B Article F Article H

Vaginal slide of | Vaginal swab of | Penile swab of | Undergarment of
Genetic markers | the victim the victim the suspect the suspect
D8S1179 10,13 10,13 10,13 10,13
D21S11 29,33.2 29,33.2 29,33.2 29,33.2
D7S5820 11,11 11,11 11,11 11,11
CSF1PO 9,13 9,13 9,13 9,13
D3S1358 17,18 17,18 17,18 17,18
THOL1 7,7 7,7 7,7 7,7
D13S317 8,12 8,12 8,12 8,12
D16S539 10,11 10,11 10,11 10,11
D2S1338 20,21 20,21 20,21 20,21
D19S433 13,16 13,16 13,16 13,16
vWA 13,19 13,19 13,19 13,19
TPOX 8,11 8,11 8,11 8,11
D18S51 15,16 15,16 15,16 15,16
D5S818 11,11 11,11 11,11 11,11
FGA 24,25 24,25 24,25 24,25

AMELOGENIN | XX XX XX XX
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proper sampling and proficiency of scientists dealing with DNA should be taken care
of. With the increasing reliance on the technique, it is rare to see any court reject the
DNA evidence on the basis on the invalidity of the fundamental scientific theory.
However, with practice, precaution and precision, from the inception to the end, we
would be able to utilise the optimum potential of DNA evidence from the crime
scene to conviction.
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Abstract

The most common form of evidence to forensic investigators is the body fluids
collected at crime scenes. They ascertain the suspect or victim, they provide
valuable DNA evidences and can play a vital role in acquit an innocent individ-
ual. The determination of a specific bodily fluid is predominantly the initial step
as the body fluid composition is very relevant to the further investigation process.
The ability to identify and report an unexplained stain at the scene of crime
without waiting for the laboratory results is another very important phase in the
forensic body fluids analysis. Many forms of detection methods for body fluids
have been known for over a century, such as alternative light source, immuno-
logical tests, spectroscopic techniques, chemical methods, catalytic tests, and
microscopic methods. Although these modern forms of detection of body fluids
are often definitive, these are done at a time with only one body fluid. Currently
the usage of molecular genetic based approaches using DNA methylation detec-
tion or RNA-based profiling methods has recently conquered to replace the
traditional body fluids identification methods.
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5.1 Introduction

Individual’s involvement in a crime can be detected and identified by the body fluids
traced at the crime scene event. These types of evidences found at the scene of crime
are among the most ubiquitous in nature especially to forensic investigation
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purposes. Body fluids identification and detection is a vital part in forensic practices;
however, many biological fluids are invisibly present in the crime scene or present in
very small quantity due to which the easily identification is not possible. The
presence of biological fluids not only provides type and origin of the samples but
also provides clues in reconstructing crime scene and linkages between innocent and
actual criminalists.

Biological fluids like blood (including menstrual stains), semen, saliva, urine and
vaginal stains, skin, and tissues are the prime interest of forensic scientists in various
crime cases. In a crime scene approach the identity of these biological fluids are not
straightforward, due to their invisible presence in very minute quantities. For the
identification of sequence of events at the crime scene, these biological fluids can be
used as crucial indicators. Such as blood stains are a strong indicator of murder,
some form of assault, or struggle, whereas upon the detection of semen or vaginal
stains able to specify physical and or sexual assault.

After potential identification of body fluids at scene of crime, a specific form of
light is required to visualize these stains or the spot chemical examination is
required. The biological identification of these stains previously based on some
limited chemical methods which were often inadequate in sensitivity and specificity,
whereas the confirmatory tests based on some microcrystal tests for the identification
of body fluids in forensic-related cases. The techniques apply were based on
chemical tests, enzyme catalytic reactions, immunological tests, spectroscopic
based tests, and microscopic examinations. The presumptive/preliminary tests
which are also used for screening the biological fluids even at the crime scene or
at the forensic laboratories setup; some of them are, Phenolphthalein (Kastle-Meyer
test), and Luminol test (for minute traces) for blood identification, Phadebas test for
saliva identification, Jaffe’s test for urine identification, Acid Phosphatase test for
semen identification. The other tests are based on microscopic examination (confir-
matory tests) which will convincingly identify the presence and the nature of such
biological fluids. These gold standard evidences contain valuable genetic informa-
tion to identify a suspect or victim as well as either acquit an innocent individual.
Technology has rapidly evolved to reveal the individual identity of an unidentified
stain at the scene of crime scene, without much waiting for the laboratory results to
arrive is a crucial breakthrough in the advancement of body fluids analysis in
forensic scenario. An evident of the last decade is the progressive development of
the laser technology and novel light detectors which have either gave birth to
spectroscopic methods and/or molecular-based approaches for the detection of
biological fluids.

In the field of body fluids detection, the latest developments must culminated in a
range of novel methods and approaches which allows (1) first time identification of
some body fluids, (2) experiments enabling nondestructive research at the scene of
crime for more study via efficient DNA profiling, and (3) research lab-based protein
and RNA techniques allowing for the requirements.
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5.2 The Drawbacks and Benefits of Chemical Tests

For several years, preliminary chemical studies have been utilized and are still
playing a significant role to identify a region of significance for DNA study and
forensic investigation. Ample of reviews and reports for their accuracy and precision
are available (Virkler and Lednev 2009; Gaensslen 1983; Tobe et al. 2007). These
chemical measures are not unique to humans and usually are administered sequen-
tially where there may be a mixed body fluid. Most depend on body fluids enzyme
properties, and many reagents are sample harmful and/or obstruct downstream
procedures.

Stains on dark surfaces or non-visible stains face challenges to detect and
similarly been deciphered with alternative light sources using the auto fluorescence
provided by some body fluids (Kobus et al. 2002; Vandenberg and van Oorshot
2006). The effectiveness of such approaches may be influenced by differences
between body fluids and various surfaces, and application to these light sources
may induce DNA damage in the stain. The super reactive luminol method which is
used in the darker areas to identify the blood stains, but with a broad variety of
chemicals, it provides false positives and devalues any stain that might be needed for
further study (Webb et al. 2006; Quinones et al. 2006).

5.3 Limitations and Drawbacks of Antibody-Antigens Studies

The reasonable degree of accuracy and sensitivity has been found while using
immuno chromatographic and enzyme-linked immunosorbent assay (ELISA) for
the detection of body fluids (Akutsu et al. 2012a, b; Simich et al. 1999; Casey and
Price 2010). Such measures determine the identity of the antigen in question instead
of the antigen behavior. Environmental conditions may influence antigen—antibody
interaction contributing to false positive or negative outcomes, and the elevated-dose
hook effect affects both of these studies. These experiments are not intended to
identify staining areas or in a systematic fashion, so a part of the sample is extracted
so solubilized in both of these methods prior to the study.

5.4 Blood

Chemical blood tests are susceptible but lacks precision and tend to rely onto the
catalytically activity of the hemoglobin groups and the oxidant, including plant
peroxidases, which can produce false positive results (Virkler and Lednev 2009;
Tobe et al. 2007; Cox 1991). Assays include Leucomalachite Green, named as less
sensitive but also more specified tests; Tetramethylbenzidine (TMB), Ortho-tolidine,
and Phenolphthalein (Kastle-Meyer test), some form of high specificity sensitive
testes for the identification of blood (Gaensslen 1983; Webb et al. 2006; Cox 1991).
Confirmatory yet often cumbersome testing requires a microscopy of red and white
blood cells and the formation of crystals with hemochromogenic crystals



90 A. Rao et al.

(Takayama) or hematinic crystals (Teichman) that indicate the blood existence
(Gaensslen 1983).

Some tests are based on the monoclonal antihuman antihemoglobin antibodies
which shows cross reaction with primates blood and mustelidase, presumably
triggered by a specific sequence of amino acid in hemoglobin alpha chain, in the
ABAcard® Hematrace® (Misencik and Laux 2007; Johnston et al. 2003). RSID™
blood tests (Independent Forensics, Hillside, IL, U.S.) screening test detects the rich
and precisely red blood cell membrane of glycophorin A protein without any cross
reactions (Schweers et al. 2008).

5.5 Saliva

An a-amylase-based detection The Phadebas® test is the regular standardized test for
the identification of presence of saliva. Due to the small traces of the a-amylase
enzyme are known to found in different other body fluids such as breast milk, blood,
semen, urine, fecal urine, and other mammals as salivary and pancreatic sources this
test is not confirmatory for the human saliva identification (Kipps and Whitehead
1975; Auvdel 1986; Keating and Higgs 1994). The SALIgAE® test from Abacus
Diagnostics provides an substitute test for saliva based on calorimetric approach,
which is known to be more sensitive target reagent than the Phadebas™ test (West
Hills, CA, USA) (Pang and Cheung 2008; Liang and Roy 2014).

False positive values have been traced in breast milk, rat saliva, clean urine and
fecal/feces and semen samples. The RSID™ test for saliva is focused on anti-
amylase antibodies of antihuman salivary (Old et al. 2009). The above test has
been found to be more flexible and more accurate than the two tests Phadebas® and
SALIgAE® tests, respectively (Casey and Price 2010; Pang and Cheung 2008).

5.6 Semen

In the lack of microscopically detected spermatozoa, semen usually takes the
presumptive examination that detects phosphatase of seminal acids, an enzyme
isolated from the prostate gland, although that not directly specifically connected
with the fluid of seminal substances (Gaensslen 1983; Kind 1957). While no longer
commonly used, confirmatory crystal tests for semen detection are present, along
with the Florence test based on choline crystal formation (Gaensslen 1983).

Semen is detected for a certain time using glycoprotein, the prostate-based
antigen (Kallikrein 3 and PSA or P30) (Gaensslen 1983; Graves 1995). The widely
used immunological tests nowadays which includes semiquant PSA test SERATEC,
p30 ABA card® and PSA testing Biosign™, while some of these test kits shows false
positive reactions against vaginal stains, urine, breast milk, postmortem semen
samples (Graves 1995; Yu and Diamandis 1995; Lunetta and Sippel 2009).

Semenogelin is often used to identify semen via immunochromatographic tests
(Sato et al. 2004; Pang and Cheung 2007; Old et al. 2012). The RSID™-semen test
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has been noticed less susceptible while comparing with the other test kits like
ABAcard®, P30 and SERATEC® PSA, and some test results are occupied with
inaccurate results (Boward and Wilson 2013).

5.7 Vaginal Secretions and Menstrual Blood

The differentiating feature between menstrual blood and vaginal secretions is found
to be very difficult in classification. The identification of the vaginal wall
glycogenated squamous epithelial cells through Lugol’s staining, the endometrial
cells microscopic identification and tracing the lactate dehydrogenase isoenzymes
4 and 5 are not the definitive methods for tracing the vaginal cells (Jones and Leon
2004; Stombaugh and Kearney 1987).

Immunochromatography examinations are known as potential menstrual blood
checks for D-dimers, fibrin which is soluble and degradation drug medically
identified for thrombosis diagnosis (Baker et al. 2011; Holtkoetter et al. 2015).
One different method ELISA is utilized which focuses on estrogen receptor o and
fibrinogen to differentiate the peripheral blood from menstrual blood, whereas none
of the other body fluids showed any cross reactions (Gray et al. 2012).

5.8 Urine

Urine stain localization is complicated because it is usually translucent, light, and
ubiquitous. Usually, the presumptive tests are focused on urea, urease and uric acid
analysis. Such tests are not unique since sweat and other urea-substances often
respond favorably (Gaensslen 1983; Huang et al. 2002). Creatinine checks were
also used for urine detection (Gaensslen 1983). Tamm—Horsfall Glycoprotein (TMP)
protein has also been found in animals’ urine and has already been documented and
included in the RSID™ urine study of humans. TMP tends to be sufficient as a
special urine test, but the existence of vaginal fluid may complicate the test results
and it could be difficult to read the test if the blood is in the specimen (Akutsu et al.
2012a, b).

5.9 Sweat

No realistic sweat recognition test is available to date. While DNA is often
recuperated and profiled in clothing areas which may contain sweat, there is little
study. ELISA-based testing of G-81 and dermicidin has developed but have not been
commonly used to detect sweat-specific proteins (Sagawa et al. 2003; Sakurada et al.
2010).
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5.10 Discovery of New (Protein) Markers

The identification and characterization of common markers are the basis for ELISA
and immunochromatographic studies. 2-DHPLC, MS, and QMS were all inured to
establish protein profiles typical of all six primary forensically important body fluids
i.e., blood, menstrual blood, saliva, semen, vaginal substance, and skin and also
acquire new candidate protein markers for instance osteopontin and uromodulin to
identify urine (Legg et al. 2014). Statherin in Saliva and Semenogelin 1 and 2 in
Seminal fluids are used for the examination of mRNA as markers.

5.11 Identifications Based on RNA and DNA Technologies

Ribo Nucleic Acid (RNA) and Deoxyribo Nucleic Acid (DNA) are being used
progressively for so many new forensic applications, including: body fluid detection,
assessing postmortem and age decay of RNA; the estimation of injury age through
the analysis of reactive gene expression changes; and determining the cause of death
(Bauer et al. 2003; Anderson et al. 2010; Cecchi 2010; Palagummi et al. 2014).
These approaches including the utilization of messenger RNA, micro RNA, other
forms DNA methylation, and microbial characterization of each and everybody
fluid.

The list of potent markers in various body fluids identified using RNA- and
DNA-based methods are given in Table 5.1.

5.12 mRNA-Based Methods

Most of the body fluids contain several types of cells, each expressing an individual
mRNA transcript pattern. The layout and carrying out of mRNA profiling in research
associated to forensic science is focused on using these multicellular transcriptomes.
mRNA in body fluids deposited on a range of surfaces is now generally understood
to be stable and can be collected in an appropriate quantity and consistency for
analysis of various samples (Bauer et al. 1999; Setzer et al. 2008; Visser et al. 2011;
Kohlmeier and Schneider 2012; Fox et al. 2014; Alvarez et al. 2004).

A benefit of mRNA profiling is that the recovery of RNA from tissues, with a
variety of specific RNA extraction procedures, can be incorporated into a standard
workflow of DNA profiling.

Generalizations between different commercial RNA removal methods have
revealed different yields and diagnose of DNA and RNA, of no better solution
than the other; collective studies have confirmed this finding. The enormous amount
of transcript and consistency by means of substitute markers designed for the
identical fluid with unlike susceptibilities in the same body are attributed to the
capability to detect a messenger RNA transcript that is of significance (Zubakov
et al. 2008; Haas et al. 2014, 2015, 2011; Van den Berge et al. 2014; Fleming and
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Table 5.1 List of potential markers in various body fluids with their chromosomal location

Body fluid Markers Official symbol | Chromosomal location
Blood Ankyrin 1 ANK 1 8pl1.21
Glycophorin A GYPA 4q31.21
Beta-spectrin SPTBN1 2pl6.2
Alpha hemoglobulin HBA 16p13.3
Beta hemoglobulin HBB 11p15.4
Porphobilinogen deaminase HMBS 11g23.3
Amino-levulinate synthase 2 | ALAS2 Xpl1.21
Seminal fluid Protamine 1 PRM 1 16p13.13
Protamine 2 PRM 2 16p13.13
Saliva Histatin HTN 4q13.3
Statherin STATH 4q13.3
Vaginal fluid Beta-defensin 1 DEFB1 8p23.1
Mucin 4 MUC4 3929
Cytochrome P450 CYP2B7P1 19q13.2
Myozenin 1 MYOZ1 10q22.2
Menstrual blood | Matrix metallopeptidase 7 MMP7 11q22.2
Matrix metallopeptidase 11 MMP11 22q11.23
Epidermal cells Late cornified envelope 1 C LCEIC 1q21.3
Loricrin LOR 1921.3

Harbison 2010a, b; Lindenbergh et al. 2012, 2013a, b). In presumptive tests where
these comparisons are made, mRNA profiling is comparable (Haas et al. 2011).

The creation of a robust mRNA quantification method will boost RNA profiling;
excessive template leads to target amplification and an increased incidence of
“nonspecific artifact” (Haas et al. 2011). The present steps are applied to the entire
nucleic acid or Ribo Nucleic Acid which happen to be not human specific and
quantified mostly by utilizing techniques like UV-Visible spectrometry, fluorometry,
Nanodrop ND-1000, Agilent 2100 Bioanalyzer System, or Quant-iTMRiboGreen®
RNA kits (Visser et al. 2011; Grabmuller et al. 2015; Fleming and Harbison
2010a, b; Juusola and Ballantyne 2005).

A flexible method of analysing low-abundance mRNA extracted from minute
amount of samples is by reverse transcriptase polymerase chain reaction (RT-PCR)
(Kohlmeier and Schneider 2012; Zubakov et al. 2008; Fleming and Harbison
2010a, b; Hanson et al. 2012; Haas et al. 2009; Bustin 2000; Juusola and Ballantyne
2007). The most reasonable approach in forensic work is the endpoint reverse
transcriptase PCR in conjunction with capillary electrophoresis, which allows the
concurrent finding of multiple body fluids and thereby minimizes sample utility and
background impacts. Juusola and Ballantyne first introduced this approach in 2005,
followed by others (Fleming and Harbison 2010a, b; Lindenbergh et al. 2012,
2013a, b; Juusola and Ballantyne 2005; Richard et al. 2012; Roeder and Haas
2013). The quantitative RT-PCR (qRT-PCR) measures the variation in between
the focused transcript and a household gene called the ACT (Zubakov et al. 2008;
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Bustin 2000; Juusola and Ballantyne 2007; Nussbaumer et al. 2006). The benefit of
this very reactive method is the possibility of setting numerical thresholds. The
existing dyes limitation, which limits the sum of markers that will be able to reach in
a solo reaction, represents a disadvantage. In order to address this constraint,
enhancements were suggested, such as a high-resolution melting study (Hanson
and Ballantyne 2013a, b).

Findings between RT-PCR and qRT-PCR indicate that perhaps the detected
abundance of mRNA transcript to a large or small DNA portion (Van den Berge
et al. 2014; Harteveld et al. 2013) can still not be allocated with any of these
methods. New techniques have recently been developed such as isothermal amplifi-
cation mediated by real-time RT loops, offering the same sensitivity and precision
but then much simpler and faster studies (Su et al. 2015). The housekeeping genes
constitutively expressed make available a reference point and determine the effi-
ciency of a reaction by means of capillary electrophoresis approaches, and they are
important in quantitative techniques (Bustin 2000; Moreno et al. 2012).

The desired housekeeping genes expressing themselves across all tissues, need
not be different substantially between people and is not greatly influenced by
physiological/pathologic problems. A variety of housekeeping genes, including
ACTB, GAPDH, B2M, S15, UCE, TEF, UBC, 18S RNA and G6PD, are being
used in forensic research (Zubakov et al. 2008; Haas et al. 2014; Fleming and
Harbison 2010a, b; Lindenbergh et al. 2012, 2013a, b; Juusola and Ballantyne
2007; Roeder and Haas 2013; Moreno et al. 2012; Jakubowska et al. 2013; Donfack
and Wiley 2015).

Even between similar samples, RT-PCR can show significant variation. This may
be caused by many factors including different secondary structures of RNA
transcripts, stochastic variations in samples, and inhibition and consistency of
RNA. Housekeeping genes is no exemption and there is overall conformity that
the quantity of transcripts will differ from individual to individual in different fluid
(Fleming and Harbison 2010a, b; Roeder and Haas 2013; Bustin et al. 2005; Park
etal. 2007) e.g., the prevalence of the household genes relative toward the body fluid
as specific genes in buccal cells and semen is quite small and there is probably hardly
any appropriate housekeeping gene meant for every single body fluid. The messen-
ger RNA (mRNA) markers are chosen from a candidate gene method for which the
gene function is normally known (Fleming and Harbison 2010a, b; Lindenbergh
et al. 2012, 2013a, b; Juusola and Ballantyne 2005). Instead, a discovery technique
such as a comparative multicellular transcriptome analysis based on the microarray
or RNA sequencing (transcriptome) analysis can be employed (Zubakov et al. 2008;
Park et al. 2013a, b; Hanson and Ballantyne 2013a, b). Candidate markers dependent
on the specific role of a body fluid, such as hemoglobin, are often more prone to be
precisely expressed.

Furthermost, commonly suggested blood RNA markers may typically classified
proteins involved including the erythrocyte membrane (such as glycophorin A, beta-
spectrin, and ankyrin 1) and the proteins allied with hgb and hemic biosynthesis
(such as o and B hemoglobins, porphobilinogen deaminase and (ALAS 2) amino-
levulinate synthase 2). In the afore-mentioned immunological tests, some proteins
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(e.g., Glycophorin A) are being used. The tissues, for instance menstrual blood and
saliva, can be classified as being nonspecific due to trace levels of blood markers in
them (Kohlmeier and Schneider 2012; Zubakov et al. 2008; Fleming and Harbison
2010a, b; Lindenbergh et al. 2012; Juusola and Ballantyne 2005; Haas et al. 2009;
Richard et al. 2012; Roeder and Haas 2013; Jakubowska et al. 2013; Donfack and
Wiley 2015; Park et al. 2013a, b).

Protamines—PRM|1 and PRM2—are most frequently used for sperm identifica-
tion, and transglutaminases 4 and semenogelines 1 and 2 for seminal fluids include
seminal fluid and spermatozoa markers. Semenogelin is a substratum used by some
for PSA/P30/kallikrein 3. Specific markers also show little, or no, cross-reactivity
(Kohlmeier and Schneider 2012; Fleming and Harbison 2010a, b; Lindenbergh et al.
2012; Juusola and Ballantyne 2005; Haas et al. 2009; Richard et al. 2012; Roeder
and Haas 2013; Nussbaumer et al. 2006; Donfack and Wiley 2015; Park et al.
2013a, b). Among the four peptide groups, statherin and histatin are preferred as
Ribo Nucleic Acid markers for saliva, divided by the salivary glands into saliva. A
significant proportion of the overall salivary peptides contain three proline-rich
proteins. Some keratins were also used (Zubakov et al. 2008; Fleming and Harbison
2010a, b; Lindenbergh et al. 2012; Juusola and Ballantyne 2005, 2007; Haas et al.
2009; Richard et al. 2012; Roeder and Haas 2013; Donfack and Wiley 2015; Park
etal. 2013a, b; Sakurada et al. 2011). In factors such as the daily routine and personal
circumstances of the person are affected by both the amount and content of such
peptides and the complete length and partly damaged mRNA transcripts observed in
saliva and many authors also reported that there can be a wide variability, along with
small amounts of RNA in samples of saliva (Fleming and Harbison 2010a, b; Haas
et al. 2009). Statherin allows to be observed at high levels in nasal secretions and at
low levels in vaginal secretions often.

A specific problem is the differentiation of stratified squamous cells in the skin,
vagina, and mouth, since they are strongly connected structurally. Because of the
similar functionality (protection and secretion) of these cell types, it is difficult to
find observable distinctions between them, especially in non-keratinized oral and
vaginal cells.

The fluid in which the menstrual fluid curves, cervix, endometrium, and fallopian
tubes, and blood differ according to age and health conditions comprises the vaginal
fluid. Early vaginal marker candidates, human beta-defense 1 and mucine 4, are
indeed reliably represented in vaginal secretions, they were also found to be in nasal
secretions, semen, and saliva. These can be used as mucosal markers better (Sijen
2015; Haas et al. 2014; Lindenbergh et al. 2012; Juusola and Ballantyne 2005;
Richard et al. 2012; Roeder and Haas 2013; Donfack and Wiley 2015; Hanson and
Ballantyne 2013a, b; Cossu et al. 2009). Recently, two other candidates’ genes
MYOZ1 and CYP2B7P1, equally appearing responsive markers were found using
transcriptome profiling. CYP2B7P1 has not been identified with any cross-
reactivity, although a skeletal muscle protein, MYOZI1 localized in the tongue,
was noticed in saliva (Hanson et al. 2012). Most authors have been used to classify
vaginal material by microflora, which is defined in the following document
(Giampaoli et al. 2014).
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Menstrual blood is often a diverse fluid comprised of different quantities of
flowing blood, discharges from vagina, infectious species, and menstrual cycle
cells. The refurbishments of the endometrium while menstruation offer ideal identi-
fication candidate markers. MMP7 and MMPI11 are the most significant groups
studied (Haas et al. 2014; Fleming and Harbison 2010a, b; Lindenbergh et al. 2012,
2013a, b; Juusola and Ballantyne 2005, 2007; Richard et al. 2012; Roeder and Haas
2013; Jakubowska et al. 2013). The transcription of MMP genes during the entire
menstrual cycle was found to differ.

Distinctions concerning the epithelial (vaginal and mouth) and the epidermal cells
are established in the detection of skin cells on a sample from which a DNA profile
can be derived. For the epidermal cell recognition, a variety of cytokeratin families
are suggested. Among these LCE1C and LOR showed that skin samples containing
weak and inefficient identification of the other markers and housekeeping genes
have the most stable detectable abundance of transcription, which is possibly
representing the very low level of mRNA in the cell (Hanson et al. 2012; Schulz
et al. 2010). Many of these markers appeared significantly in vaginal secretions
(Hanson et al. 2012; Simons and Vintiner 2012). Regardless of the methodology
used, laboratory confirmation documenting standards are needed. The suggested
PCR end point reporting approaches differ. The following are weighted rating
schemes focused on presence (peakingapex), dearth and sensitivity of several
markers; consensus amplification; multifacet scale strategies and the use of controls.
The related testing methods are used for quantitative PCR methods, yet they have
trouble with mixed sample interpretation. The analysis of DNA is becoming wide-
spread in the forensic sciences analysis and the Massive Parallel Sequencing or Next
Generation Sequencing (MPS) technique has only been recently extended to Ribo
Nucleic Acid (RNA) analysis. Assay of messenger RNAs in bodily fluids utilizing
MPS/NGS for menstrual blood, saliva, and vaginal secretions and the simultaneous
sequence of Deoxyribo Nucleic Acid and RNA out of the identical sample (Lin et al.
2015; Zubakov et al. 2015).

5.13 NanoString®

NanoString® nCotunter is a tool for recording and counting of the various mRNA
transcripts, which can use color-coded molecular bar codes to measure the expres-
sion of up to 800 mRNA applicants with one reaction (Malkov et al. 2009;
Brumbaugh et al. 2011). In recent times, NanoString® used as a tool for
distinguishing body fluid with the utilization of messenger RNA in criminal
research. In the first test, 18 mRNAs unique to body fluid and two endogenous
controls were used. Throughout the study, a total RNA was used and the counts of
housekeeping gene GAPDH were normalized. The use of body fluid-based markers
for blood and semen were correctly identified, but the vaginal marker and the mRNA
for saliva were not reliable (Park et al. 2013a, b). In a study a wide variety of
different specimens, including total RRNA extracted from body fluids, were
analysed using direct cell lysates with 23 messenger RNA markers and ten
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housekeeping genes (Danaher et al. 2015). Samples out of a solo source of semen,
blood, menstrual blood, skin, and vaginal secretions, every part of which showed
gene expression specific to body fluid using an algorithm and maximum likelihood
calculations. Once again, the use of this technique made saliva samples troublesome.

5.14 miRNA Profiling Approaches

There are a wide range of different messenger RNA markers have been projected
being sensitive and specific in support of body fluids detection in criminal cases and
have also proven their stability in the different stored samples over longer period of
time (Zubakov et al. 2009; Setzer et al. 2008). The recently introduced micro RNA
(miRNA) markers have explored to be alternate tool for body fluids detection in
criminal cases (Zubakov et al. 2010). Non-coding RNA molecules are miRNAs that
are of 18-25 nucleotides length which regulates expression of gene at the post
transcription levels and is also reported that several miRNAs have tissue-specific
expression patterns (Bartel 2004; Jost et al. 2011). Additionally, the very small
strands of miRNA markers make them very less susceptible to dreadful conditions
by environmental factors, which offer advantage biomarkers for body fluids identi-
fication than mRNA markers (Hanson et al. 2009).

The foremost microRNA profiling to criminalistics was reported by Hanson et al.
in 2009, and assessed the miRNA expression in biological fluids relevant to forensic
approach. Using gqRT-PCR analysis he explored the expression of 452 human micro
RNAs in saliva, blood, semen, menstrual blood and vaginal fluids. They have
characterized nine microRNA markers viz. miR451, miR135b, miR16, miR10b,
miR205, miR124a, miR658, miR412, and miR372—these markers are expressed
distinctively in genetic experiments related to forensic cases, and have also
established their competences to detect body fluids utilizing as minute as 50 pg of
whole RNA. Zubakov et al. in 2010 have also reported the expression degrees of
718 microRNAs in biological fluids addressed to forensic utilizing genome-based
microarrays and recognized 14 distinctive markers for possible body fluid identifi-
cation. In this authentication test using qRT-PCR, merely blood and semen exclusive
microRNA candidates indicated similar expression degrees, whereas fewer
similarities were identified intended for vaginal secretions, menstrual blood, and
saliva. Another study which was designed similarly but including skin cells was also
reported. In this study they identified 14 new markers which revealed suitable body
fluid exclusive expression arrays and also reported that microRNA-4761-5p can
distinct skin cells and menstrual blood; microRNA-137 can make a distinction
between cells of skin, peripheral blood and saliva; microRNA-4473 can individual-
ize semen and skin cells; microRNA-585-3p can separate vaginal secretion from
skin cells (Luo et al. 2015).
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5.15 DNA Methylation Profiling Methods

The discovery of entire genome studies specified that the genetic material called
DNA relays tissue-distinctive methylation arrays, the possibilities of tissue-
specificity DNA methylation has been intended for examination of different body
fluids identification in forensic fields (Frumkin et al. 2011; Lee et al. 2012). DNA
methylation patterns took place at the CpG dinucleotides-5’ position of pyrimidine
ring of cytosine, is largely supposed to express the genes of particular body fluids
(Miranda and Jones 2007). The DNA methylation arrays observed will be depends
upon the different types of cells and chromosome portions called tissue-distinctive
Differentially Methylated Regions (tDMRS) are identified to spectacle unique DNA
methylation profiles. Accordingly, the recognition of DNA methylation at a CpG
location of Differentially Methylated Regions (tDMR) allows for the tissue or else
cell-specific kind of samples of DNA (Byun et al. 2009; Ohgane et al. 2008).
Around 2011, Frumkin et al. described 15 genomic loci to identify saliva, semen,
blood, skin, epidermis, vaginal secretions and urine. Within this research they
applied methylation sensitive restriction enzyme PCR (MSRE-PCR) designed
using an assay for certain markers which are composed up of methylation sensitive
restriction enzyme. These types of restriction enzymes digest the samples of DNA
subsequently multiplex PCR reactions of specified loci of genomic DNA with
fluorescently marked primers, followed by capillary electrophoresis of amplified
products using programmed signal detection method. These particularly designed
assays can be easily incorporated in forensic science laboratories like other
techniques of DNA typing viz. SniPS (SNPs), microsatellites or Short Tandem
Repeats (STRs) which would positively identify the source tissues. Similarly,
Wasserstrom et al. (2013) reported with the advance methodology by build-up a
kit, DNA source identifier (DSI)-Semen™, which was designed to substitute the
microscopic investigation of sperm cells for identification of semen in forensic DNA
samples. This kit was designed on the basis to detect the semen-distinctive DNA
methylation arrays at five genomic loci utilizing MSRE-PCR. The source kit was
ratified with 135 samples of different body fluids and 33 case evidences from
forensic laboratory, which was verified to be vigorous and consistent by presenting
a positive outcome for samples of semen as minute as 31 pg of DNA template (Madi
et al. 2012). In another research carried out by Lee et al. studied the tissue-distinctive
Differentially Methylated Regions possibility for forensic body fluids detection by
bisulfite sequencing approach, which regulates the methylation of DNA via
detecting the nucleotide base alteration as a result of treatment of sodium bisulfite.
Treatment Bisulfite does not affect any methylated cytosine instead alters free or else
unmethylated cytosine of CpG into uracil, which converts into thymine during the
PCR reaction. By means of this methodology, they generated five tDRMs profiles in
combined DNA samples from saliva, blood, menstrual blood, semen, and vaginal
fluids. The tDRMs for USP49 and DACT]1 existed recognized as an exclusive
marker for semen—by revealing semen-distinctive hypomethylation and PFN3
tDMR was preferred to characterize the vaginal fluids. In a recent approach proposed
by Madi et al. illustrated the tissue-restricted DNA methylation in biological body
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fluids which are forensically relevant including saliva, blood, epithelial cells, and
semen. They identified a limited genomic locus with bisulfite modified method and
pyrosequencing technique to observe that the methylation arrays at the FGF7 and
ZC3HI12D loci can distinguish the semen sample from more genetic samples
although locus—C20 and BCAs4 can distinguish the saliva and blood samples as
of other biological fluids separately. The outcomes as well specify the DNA
methylation-based methods are invaluable tool for the detection of biological fluids
in criminal cases.

5.16 DNA-Compatible Cell-Specific Identification

Another method for identifying biological fluid ensues classification of specific cells
by marking the cells in combination with a microscopy at a protein, DNA, and RNA
level. In the case of immunohistochemistry, epidermal cells have been identified and
cytokeratin’s are used to differentiate between vaginal and mouth mucosal cells
(Schulz et al. 2010; Paterson et al. 2006).

As compared directly to epidermal cells, cells of mucosal origin may be distin-
guished since each cytokeratin has a low expression of the other type of cell. In a
different method, immunofluorescence has been suggested for the on-site recogni-
tion of human blood with fluorescently tagged antihuman antibodies, nuclear
(CD45, myeloperoxidase, histone 1), and (glycophorin A) while several washing
steps may find this method unworkable for forensic work (Thorogate et al. 2008).
XY Fluorescent In Situ Hybridisation (FISH) combined with Laser Microdissection
(LMD) and DNA profiling has been shown to be an efficient way of extracting the
data from specific cell groups marked with fluorescent labels, i.e., chromosomes X
and Y (Lynch et al. 2015).

ESRI1 (Estrogen Receptor 1) with fluorescently labeled monoclonal antibodies
has been shown to be able to differentiate between vaginal and buccal epithelial cells
with this marker if messenger RNA profiling is out of the question. This displays the
expression of messenger RNA and tissue-specific protein are not always
interconnected (Fleming et al. 2013).

RNA suspension FISH are used to classify and detect epithelial cells using keratin
10 with the fluorescent label LNA sample; subsequently, the epithelial cells were
isolated by LMD and profiled with DNA (Williams et al. 2014). While these labeling
methods that tend to be accurate, the longer time taken to specifically gather labeled
cells by LMD illustrates, instead for general applications, these methods are presum-
ably restricted to particular cases.

5.17 Conclusion

Many forensic laboratories are still in practice with the chemical methods, antigen—
antibody reaction, catalytic reactions, while the current DNA profiling methods are
based on STR profiling which allows personal identity of sample donor. A recent
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advance in forensics has advocated the usage of other types of evidences which add
more information to the collected evidences. Particularly in recent times several
markers have existed for body fluids detection in forensic community. mRNA
markers usage in recent times have been utmost meticulously explored with the
number of different markers which is sufficient for the body fluids identification in
forensic perspective. The currently used methods have possible approaches for the
quick detection of biological fluids, but then again in majority of the cases tissue-
specific identification is difficult due to cross overreaction with other biological body
fluids present at the crime scene. In this scenario mRNA marker appears as high
sensitivity and tissue specificity for forensic analysis with a new method to over-
power the boundaries of established methods. Similarly, micro RNA methods have
explored to be alternative tool for body fluids identification in forensics. microRNA
profiling has the capabilities to identify or to differentiate the different body fluids
traced at the crime scene. In recent times, profiling through DNA methylation was
recommended as a novel means in criminal cases involving body fluids detection.
Like messenger and micro RNA profiling, DNA methylation profiling as well
appeared highly sensitive and specific, for the parallel assessment of several markers
particular for different tissues in a definite multiplex reaction. In the coming future,
forensic examinations have to progress with a huge deal as the encroachments in
molecular biology studies and forensic genetics.
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Abstract

Statistical analysis and evaluation of genetic data of an individual and interpreta-
tion of obtained results, especially in mixed DNA profiles obtained in sexual
assault cases is ideally required to be strengthened by statistical evaluation, and
for handling this use of many software is recommended. The present chapter is
intended to provide some of the software used globally for mixed profile inter-
pretation. The chapter also includes information about softwares being used for
population data analysis which is further a very important area in forensic DNA
analysis which can be evidenced with the number of publications on population-
based DNA analysis in almost all the leading forensic journals.
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6.1 Introduction

6.1.1 The Software Used for Population Data Analysis
and Genetic Study

In forensic DNA typing, DNA profiles obtained from crime-related exhibits are used
to link or identify the accused, involve in the crime. As we know, that we do not have
DNA profiles of all the individuals living on the earth. So it is very difficult to
conclude that the DNA profiles obtained from crime-related exhibits are from the
same suspect individuals or is there someone another who might be actual criminal.
Might that suspect happen to match the DNA profiles with the crime-related
evidence? It is answered with the use of population data statistics, and it is necessary
to conclude from DNA testing about the matching or not matching of DNA profile
with crime evidence after calculating the possibility of a random match (Butler
2001). Population statistics is a powerful tool that deals in the measurement of the
uncertainty and provides the probability of random match. The population statistics
for the random match is usually estimated using the frequency of a particular
genotype (DNA) profile in a population. Frequency data of a population might be
prepared using DNA profiles of a small sample size of randomly selected individuals
residing in a particular geographic region. However, there are several software which
are being used in statistical evaluation of genetic data speedily. Recent and most
useful genetic data analysis software are presented as following in two categories.

1. Software being used for population genetic analysis
2. Software being used for interpretation of forensic genetic evidence

6.2  Software Being Used for Population Genetic Analysis

PowerStats Spreadsheet Program: PowerStats spreadsheet program (Tereba
1999) calculates forensic interest parameters, namely, Allele frequency (AF), Dis-
crimination power, Paternity index, Exclusion power, Polymorphic information
content, Probability of match, Homozygous and Heterozygous in percent and the
total number of alleles (Fig. 6.1).

Note: This is a very user-friendly software and is based on Excel. The software
was earlier made available from Promega and no longer available online now. But
still the excel worksheet of this programme is available with scientists working on
population-based DNA analysis and is still being used and cited.

6.2.1 GenAIlEx Software

GenAlEx: Genetic Analysis in Excel software (Peakall and Smouse 2006) is useful
for the analysis of co-dominant, haploid and binary genetic loci and DNA sequences.
This software performs analysis based on frequency and distance.
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Fig. 6.1 Image of home page of PowerStats v1.2 spreadsheet program

Frequency-based analysis: Allele frequency, Observed and expected heterozygos-
ity, Hardy-Weinberg equilibrium, Relatedness, Fixation index, etc.

Distance-based analysis: Mantel test, Multivariate spatial autocorrelation, Analysis
of molecular variance and principal coordinate analysis, etc. (Fig. 6.2).

6.2.2 Arlequin Software

Arlequin software (Excoffier and Lischer 2010) is a useful tool for the analysis of
broad spectrum of genetic data i.e., STRs, RFLP, standard and frequency based data
to analyses inter and intrapopulation statistics.

* In the intrapopulation statistics, various parameters such as gene diversity, poly-
morphic sites, pair wise difference between individuals, estimation of haplotype
frequency, minimum spanning network among the individuals estimation of
randomization, etc.

* In the interpopulation, comparison in haplotypic content of population, structure
of population, Fst-based genetic distances, estimation of isolation by distance
using Mantel test can be analyzed (Fig. 6.3).
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Fig. 6.2 Image of home page of GenAlEx 6.5 software

6.2.3 Forensic Statistics Analysis Toolbox (FORSTAT)

FORSTAT (Ristow and D’Amato 2017), is a online tool which can be applied for
analysis of forensic importance parameters as well as population genetic analysis can
be done automated and reduced the time and labor. This software overcomes on the
limitations of the PowerStats software. It provides the results in numerical format as
well as graphical form to improve the visualization of the results. This software
needs input file in three digit formats for microvarinet alleles in STRs and two digit
formats for bialleic STR markers (Weblink: https://fdl-uwc.shinyapps.io/forstat/)
(Fig. 6.4).

FORSTAT online tool can calculate following allele frequency based parameters
in a single excel document:

¢ Homozygosity

* Observed and expected heterozygosity

* Polymorphic information of the genetic data
* Exclusion power

* Matching probability

¢ Discrimination power

¢ Paternity index


https://fdl-uwc.shinyapps.io/forstat/
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Fig. 6.5 Image of home page of STRAF online software

6.2.4 STRAF: STR Analysis for Forensics

STRAF (Gouy and Zieger 2017) is an online accessing tool to analyze variety of
statistical analysis for genetic data from a single input file. For this software the input
file format needs to be in .txt format and first column should contain the identifica-
tion number of sample and second column needs to be the identification number of
population. This software can be applied to analyze diploid as well as haploid data
and it allows the microvariant alleles of STR data and 0 needs to be put for missing
data (http://cmpg.unibe.ch/shiny/STRAF/) (Fig. 6.5).
This software can perform following analysis:

e Allele frequency

* Gene diversity (GD)

* Observed and expected heterozygosity
* Polymorphic information (PIC)

* Exclusion power (PE)

¢ Probability of a match (MP)

¢ Discrimination power (PD)

* Paternity index (PI)


http://cmpg.unibe.ch/shiny/STRAF/
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* HWE-P value
* LDE
* Principal component analysis (PCA)

6.2.5 POPTREE Program

POPTREE2 (Takezaki et al. 2009) software can be used for the construction of
phylogenetic tree based on genetic distances. The genetic distance based on allele
frequency of the compared population were used in this software. The boot strap test
is applied in this software to increase the acceptance level of the phylogenetic tree
(Saitou and Nei 1987; Sneath and Sokal 1973; Felsenstein 1985). In POPTREE2, all
the computations can be done through Windows-interface and the display of phylo-
genetic trees can easily be changed, copied to other applications, and printed by
using icons.

Distance measures that can be used for the phylogeny construction are as follows:
various genetic distances such as DA distance (Nei and Chesser 1983), Nei’s genetic
distance (Nei 1972), Fst distance (Latter 1972), (Sp)2 distance (Goldstein et al.
1995), and DSW distance (Shriver et al. 1995) can be used for construction of the
phylogenetic tree (Fig. 6.6).
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Fig. 6.6 Image of POPTREE2 program
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Fig. 6.7 Image of home page of PAST software

6.2.6 PAST Software

Paleontological STatistics (PAST) (Hammer et al. 2001) is a software which is
applied in the vast area of research field. It allows direct copy and paste of the data
from excel sheet to software, which makes it easy and user friendly. It can perform
various analyses from single input file and provide graphical outcomes (Fig. 6.7).

6.2.7 STRUCTURE Software

The structure software (Evanno et al. 2005) is used for the analysis of population
structure using multi locus genetic markers, Restriction Fragment Length
Polymorphisms (RFLPs), and Single Nucleotide Polymorphism (SNPs). This soft-
ware can be used for inferring the distance among populations, identifying of
migrants, admixed, hybrid. To use this software, some parameters are to be set
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before running it. To obtain acceptable delta K value, iterations should be set as
100 (Fig. 6.8).

6.2.8 Haplogroup Predictor Tools

There are several online haoplogroup predictor tools (Emmerova et al. 2017). Some
of the most useful tools/softwares are as follows:

* Nevgen Y-DNA haplogroup predictor (www.nevgen.org)
This online tool is used to predict haplogroups from Y-haplotype data as well as
SNP data. In this online tool, there is pre-programmed sequence of 17 and
23 YSTR loci (Fig. 6.9).

 Whit Athey: Haplogroup predictor—HAPEST (www.hprg.com/hapest5)
(Fig. 6.10) (Athey 2006)

e Jim Cullen: World Haplogroup & Haplo-‘I" Subclade Predictor (members.bex.
net/jtcullen515/haplotest.htm) (Fig. 6.11)

e Felix Immanuel: Y-Haplogroup Predictor (www.y-str.org/2013/06/y-
haplogroup-predictor.html) (Fig. 6.12)


http://www.nevgen.org
http://www.hprg.com/hapest5
http://members.bex.net/jtcullen515/haplotest.htm
http://members.bex.net/jtcullen515/haplotest.htm
http://www.y-str.org/2013/06/y-haplogroup-predictor.html
http://www.y-str.org/2013/06/y-haplogroup-predictor.html
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Fig. 6.9 Image of home page of NevGen Online software
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Fig. 6.12 Image of home page of Y-Haplogroup Predictor online software

6.3  Software Being Used for Interpretation of Forensic Genetic
Evidence

6.3.1 OSIRIS (Open Source Independent Review and Interpretation
System)

OSIRIS (Open Source Independent Review and Interpretation System) is the public
domain application software and considered in light of suggestions of the interdisci-
plinary directorate (Kinship and DNA Advisory Panel, KADAP) consolidated by the
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Fig. 6.13 Image of home page of OSIRIS software

US Department of Justice during the victim identification projects of the World

Trade Center. It was first tried in Hurricane Katina victim identification and further

created in a joint effort with government and state laboratories. It was designed by
NCBI to give rapid STR analysis, fragment analysis, and identification of artifacts in
forensic casework. This software runs on Windows XP, Windows 7, and Macintosh
and analyzes data into .fsa and .hid file formats. It is not limited by number of STR
kit dye color and also not limited to number of users on network (Fig. 6.13).
OSIRIS is a fast and powerful software based on mathematical algorithms and
physical principles. This algorithm assists to coordinate the raw data generated by
genetic analyzers with the mathematically characterized curves to the observed
baseline and the peaks which permits OSIRIS to assess quality standards like:

Displacement (shifting)

Sample-to-ladder fit for alleles

Residual displacement (displaced shifting)
Noise and baseline

Artifacts

OSIRIS software has different application such as:

Clinical testing

Forensic casework

Identification such as paternity testing
Biosample identification

Kinship analysis and

Cell line authentication

Training purposes
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Apart from these applications, it is used in DNA profiling quality check, DNA
profile analysis, CODIS, automatic reanalysis, and process monitoring. OSIRIS
software is also compatible with mixture interpretation software (Riley et al. n.d.).

OSIRIS software works with all commercial marker systems leading companies
i.e., Applied Biosystems-Now Thermo Fisher scientific, Promega; Qiagen (Web
link: http://www.ncbi.nlm.nih.gov/projects/SNP/osiris/).

6.3.2 LRmix Studio

LRmix Studio is an unpaid, open source, and nonproprietary software which is
devoted in interpretations of complex DNA mixtures in forensic samples. This
software measures the supplementary value of any forensic complex DNA profiles
based on autosomal STR kits. It interprets data by using likelihood ratio model
(Haned et al. 2012; Gill and Haned 2013). This model accommodates for the
dropout/drop-in phenomena and evaluates the allelic dropout rate among the obtain-
able information, and adopts these calculations to create LR ratio. This tool (soft-
ware) was formulated by Jeroen de Jong and Hinda Haned and supported by
Netherlands Organization for Scientific Research (NWO). LRmix Studio software
can be tested for propositions of at least four unknown and maximum of up to five
contributors. Application of this software includes comparison of any number of
replicates produced from a specific DNA sample to any reference profiles. Despite
that, this has been examined and authenticated for five replicates and not more than
three reference profiles. LRmix Studio can also be useful to interpret SNP mixtures
(Web link: http://Irmixstudio.org/) (Fig. 6.14).
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Fig. 6.14 Image of home page of LRmix Studio software
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6.3.3 Forensim Package for the Open Source R Statistical Software

This is free software and available in R language. Forensim is a statistical tool being
used for the elucidation of forensic samples containing DNA mixtures (Haned
2011). This was the first open source software, dedicated toward the simulation of
forensic genetics data. It depends upon three object classes for the generation and the
storage of forensic casework data: genotypes, mixtures of DNA samples and allele
frequencies (Web link: http://forensim.r-forge.r-project.org/).

Forensim tool provides different features based on the simulation tools and
statistical tools.

Simulation methods are dedicated to the simulation of genetics data obtained
from forensic casework like:

* Individual genotypes
* Mixed DNA samples
* Individual genotypes (Fig. 6.15)

Statistical methods are dedicated to facilitating the evidentiary value of the DNA
exhibits: It is used to interpret: number of patron in the given mixed stain and to
address the statistical weight of mixed DNA stains. This package also includes some
other methods for statistical analysis:

¢ Random match probability

» Likelihood ratios

* Random man exclusion probability
* Profile probability


http://forensim.r-forge.r-project.org/
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Fig. 6.16 Image of home page of GenoProof Mixture 3 User Interface software

6.3.4 Genoproof Mixture 3

Genoproof Mixture 3 software is new software used by forensics expert for the
analysis of complex DNA mixtures. This software approach is a fully continuous
model which allows using all the available information of profile and thus increases
the mixture interpretation capabilities. Several other statistical methods are used for
the interpretation of samples containing complex DNA mixtures (Fig. 6.16) (Gotz
et al. 2017).

The binary model only holds on presence but not on dropout/dropin events;
semicontinuous model consider for dropout/dropin events however, fully continuous
model not only consider the above events but also the other parameters such as:
prestutter ratio, fragment size, and peakheight. Genopoof Mixture software supports
all the three models for mixture interpretation. It is all in one software (weblink:
https://www.qualitype.de/en/solutions/products/evaluation-software/genoproof-mix
ture/genoproof-mixture-3/).

The following analysis can be done with Genopoof Mixture software:

* Probability of identity

* Data management

¢ Quality assurance

* Raw data analysis

* Biostatistical calculations
* Mixed sample analysis


https://www.qualitype.de/en/solutions/products/evaluation-software/genoproof-mixture/genoproof-mixture-3/
https://www.qualitype.de/en/solutions/products/evaluation-software/genoproof-mixture/genoproof-mixture-3/

120 R. K. Kumawat et al.

Fig. 6.17 Image of home
page of MixtureCalc v1.2
software
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6.3.5 MixtureCalc v1.2 Software

MixtureCalc v1.2 is an excel-based software which is used for interpretation of
mixed samples and qualitative and quantitative analysis of the data from
GeneMapper file (Exelsheetlink: MixtureCalc v1.2 Excel sheet).

It is freeware version of software and only supports SPSA casework. It allows
user to perform several tasks such as:

» Datagrab the data from an exported GeneMapper file

¢ Peak adjustment or stutter adjustment

¢ Mixture sheets (final) calculation

* Print the sheets data and save the calculation sheets

* Provides calculation sheets for multiple contributors

e Computes likelihood ratio

* Calculate conditional match probability and match probability (Fig. 6.17)

6.3.6 Mixture Analysis Software

Mixture Analysis software is a freeware software which interprets the mixtures by
utilizing peak height or peak area information. The analysis can be further carried on
excel spreadsheet and used to eliminate certain combinations of mixture (Gill et al.
1998). A total of 270 known loci mixtures were successfully validated against this
model. In most of these the right derivation positioned first and none were disposed
of (Fig. 6.18).

Note: This software isn’t approved for casework and no warrantee is
accommodated such a reason.


https://www.isfg.org/files/MixtureCalc-v1.2_Freeware.xlm
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Fig. 6.18 Image of home page of Mixture Analysis software

[ —— - — —
e e
| ree 5 VOV ey Tec Outatans rasy  Gual LB
s dots Vet dutn Mot osns ML Oncomvchaun iutates it Qust L
Coads s moe
ler oAk P2
prana v Daw sk Vel Satn
L Y I o el " 7 Conber w1y
St By s e a1 9w -l
4 m ST
v Pt 199G
O i ey W
nuam ¥ ¥
e T e P 9 ]
L] mean ¥ ¥ o ——T
Cushbown (Wl J ey @ Mesrn s [bond beed
LT v o
“w oo C ’
- win ¥ 2 Lorteena |
Degadonas @ Y% = WO o > 9 .
T L= Tl wa ¥ O Guelrrna LY
Mtk ¥ &
MMy ¥ W
£ ¢ Ll
| NS, o 4

Fig. 6.19 Image of home page of EuroForMix software

6.3.7 EuroForMix

EuroForMix is an open source, continuous model for forensic professionals to
determine the likelihood ratio (LR) where a statistical model for the peak heights
is incorporated. It is also used to interpret complex SNP mixtures (Bleka et al. 2016)
(Web link: http://www.euroformix.com) (Fig. 6.19).


http://www.euroformix.com/

122 R. K. Kumawat et al.
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6.3.8 Torben’s Mixture Separation Software

The mixsep software (Tvedebrink 2013, 2011) is a forensic genetics statistical tool to
interpret mixed DNA samples using greedy algorithm. This software is able to
separate the DNA profiles of two or three persons and identification of individual
DNA profile is not influenced by the allele dropin and out, and stutter (Fig. 6.20).

The mixsep software contains six variables for data analysis namely; locus, allele,
height of allelic peak, area of allelic peak, base pair and dye.

However majority of the data are analyzed using first four variables and saved as
CSV file (weblink: http://cran.r-project.org/web/packages/mixsep/)

6.3.9 DNAMIX Software

DNAMIX Software is the tool for forensic geneticist to calculate the likelihood
ratios from forensic samples containing mixed DNA stains. This tool calculates the
complex DNA mixtures and as well as single source contributors. The new version
DNAMIX v.3 is based on the John Storey’s DNAMIX v.1 and v.2. The formulas and
methods explained by Curran et al. 1999 are based on assumption of independence
of all allele’s proportions in the mixture by using Hardy-Weinberg and linkage
equilibrium. The assumptions are completely independence among individuals
however; within the same population low-level dependency between individuals is
ignored. The latest of DNAMIX v.2 is written in FORTRAN 90 and includes
population structure into the calculations. If 8 is equal to O, the likelihood ratios in
DNAMIX v.2 version will be equal to DNAMIX v.1 version (weblink: http://www.
biostat.washington.edu/~bsweir/DNAMIX3/webpage/).


http://cran.r-project.org/web/packages/mixsep/
http://www.biostat.washington.edu/~bsweir/DNAMIX3/webpage/
http://www.biostat.washington.edu/~bsweir/DNAMIX3/webpage/

6 Statistical Softwares Used in Evaluation of Forensic DNA Typing 123

EUNAHL‘-’. Forensic DNA Mixtures: lile inpul, manual input, and calculations

Evidentiary Stain f: Manual EntryA |‘ #of Databases B 003 ThetaC
D3I51358 12 0.0024 420 ;I
D3S1356 13 0.0119 420 D

D351358 14 0.1214 420

u » I
E F G
Typed Individuals [¥ Manual Entry |0 # of Numerator Unkngwn |1 # of Denominator Unknown

Smith 1213 CC = |
Jones 13 14C N H

L ;IJ
J K

Log I r_ Save Manual Input [5-1-;;-;{_ Stain Fillename genolype td Genotype Filename

Log: d

Databases selected: African American

L
Ly o
M P
0g td Log Filename 0 & Two-Sided C1 Confidence Interval |95% '|
s"‘"“"l N € One-Sided CI Q RUN R HELP

Fig. 6.21 Image of home page of DNAMIX software

Two important points should be remembered while using DNAMIX v.2 version:

* Same Likelihood ratios probability but different numerator and denominator
probability

e The individual profile is identified as known contributors/unknown contributors
in numerator and as well as denominator of the likelihood ratios (vice versa)
(Fig. 6.21).

6.3.10 FamLink Kinship Software

FamLink kinship software is free; user-friendly statistical software gives a conve-
nient graphical interface for the user. This application uses pair wise linked DNA
marker data to calculate the likelihood ratio for family relationships or pedigrees
testing (Kling et al. 2012). The statistical calculations are dependent on ancestry
structure and record for connection between sets of markers. FamLink utilizes the
Merlin engine for numerical computations (web link: http://www.FamLink.se).

6.3.11 SmartRank Software

SmartRank is a free and user-friendly software in forensics which allows searching
voluminous DNA databases to complex/partial DNA mixtures. While searching the


http://www.famlink.se
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Fig. 6.22 Image of home page of SmartRank software

large national database, SmartRank software keeps minimum rate of false negative
and false positive errors. This software is successful for searching voluminous DNA
database with complex/partial mixtures containing 0% dropout, 15 or 16 alleles and
maximum four unknown source however, not applicable on DNA containing 50%
dropout (Fig. 6.22) (Benschop et al. 2017).

SmartRank software calculates the likelihood ratio for each tested individual in
the DNA database and distributed for ranked genotypes. SmartRank software also
follows the same model behind LRmix Studio (web link: http://www.LRmixStudio.
org/SmartRank).

6.3.12 Bracket Method Software

This software is used to generate DNA profiles from single or multiple polymerase
chain reactions using a system of soft and hard brackets. The major and minor
donors separated in the DNA profile using allelic balance threshold. In addition to
reproducible alleles, bracket method also permits the irreproducible alleles and keeps
them segregated from confirmed alleles with systems of brackets.

The DNA profile is constructed by the use of qualitative (allele calls) and
quantitative (peak heights) data. This DNA profile contains three layers: (1) a
dominant profile with duplicatable alleles, (2) reproducible alleles whose peak


http://www.lrmixstudio.org/SmartRank
http://www.lrmixstudio.org/SmartRank
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Fig. 6.23 Image of home page of bracket software

heights are underneath the allelic balance variable threshold, and (3) alleles which
are non-reproducible. The balance of allelic threshold variable can be balanced
through the Graphical User Interface and will decide at what threshold alleles will
be appointed as related to a dominant profile or to a minor donor profile (Fig. 6.23)
(Bekaert et al. 2012).

The script needs information from at least a single PCR replicate of one STR
multiplex kit and can use a maximum of two replicates by two different STR
multiplex Kkits.

6.3.13 STRmix™ Software

STRmix™ software is used in forensic casework to resolve the complex DNA
mixtures. This software approaches fully continuous model and combines mathe-
matical and biological modeling to interpret complex mixtures (Bright et al.
2018) (Fig. 6.24).

The characteristic of STRmix™ software is:

 Faster interpretation

* Easy accessible

* Easily understood in court

» Uses analytical threshold

* Model stutter and peak height

* Model dropout and drop-in

* Integrate DNA profiles from different kits in the same elucidation
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Fig. 6.24 Image of home
page of STRmix™ software
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Likelihood Ratio is used for the comparisons of samples to reference profiles in
database. STRmix™ incorporates a capacity that permits the software to coordinate
blended DNA profiles straight forwardly against a database. This is a meaningful
step forward for situations where there are no suspects and there is DNA from
various suspects in a single sample. STRmix™ is extensively used in forensic
casework at many laboratories (web link: https://www.strmix.com/).

6.3.14 DNA Data Bases

6.3.14.1 Autosomal STR Database
STRidER (STRs for Identity ENFSI Reference Database) (Bodner et al. 2016) is the
extended and improved adaptation of the ENFSI STRbASE (2004-2016). This
curated online top notch STR allele frequency population database empowers
scientifically reliable STR genotype likelihood assesses and gives quality control
of autosomal STR information. STRidER act as recurrence database and program-
ming stage for the advancement of novel tools for STR QC and other forensic
investigations. It can oblige length-based STR alleles and sequence information.
STRidER database are used in forensic community and serves many purposes
such as:

It can calculate allele frequency.

It can directly search the high quality STR data like autosomal allele frequency.

It offers quality control of the STR data before it gets published.

» It gives accessibility to download allele-frequency tables of STR loci.

* Once the data gets accepted, it will be shown online with unique and traceable
STRIidER accession number.

* It does not give permission to access the individual STR genotypes data in order
to maintain privacy regulations (Fig. 6.25).


https://www.strmix.com/
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Fig. 6.25 Image of home page of STRidER online tool

6.3.14.2 Y Chromosomal STR Database

Y-STR Haplotype Reference Database (YHRD)

127

This is largest Y chromosomal data bank which allows the submission of validated
Y-haplotype data. It is an open access database includes Y-STR data of various
populations. Currently, the YHRD includes 137 national databases and these data
allow statistical analyses for various forensic casework applications and interpreta-
tion purposes such as ancestry prediction, frequency estimation and kinship and
mixture analysis. YHRD is also used to analyze meta population information. This

database is widely useful for law-enforcement agencies and forensic personnel.
The main objectives of the Y-STR Haplotype Reference Database are:

* To evaluate the authentic frequency for Y-STR and Y-SNP haplotypes with the

goal that they can be used in analysis of matches in forensic cases.

It portrays the male ancestries to draw deduction about the causes and family of

human population.

* It provides all the tools and resources related to Y-STRs and Y-SNPs.

Most of the international journal published only those Y-haplotype data that have

been submitted in YHRD database and have accession number.

Y-STR Haplotype Reference Database provides various tools for haplotype

analyses like:

¢ Validation of Data
¢ AMOVA (Analysis of Molecular Variance)
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Fig. 6.26 Image of home page of YHRD online tool
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¢ Mixture analysis
* Kinship Analysis
e Multidimensional Scaling plot (MDS)

It was created in 1999 by Sascha Willuweit and Lutz Roewer Charité —
Universitdtsmedizin Berlin and inscribed by the ISFG (Fig. 6.26, Table 6.1).

6.3.14.3 X Chromosomal STR Database
ChrX-STR.org 2.0 (Web link: www.ChrX-STR.org). This web site was founded by:
Reinhard Szibor, Jeanett Edelmann, and Sandra Hering. ChrX-STR.org 2.0 is the
database of X chromosomal markers especially forensic interests. This database
provides ChrX STRs and ChrX STR haplotypes for forensic purposes related to
X-STR analysis. Various software which are useful in X-STR analysis, are directly
linked with this X-STR database. This database incorporates many affairs
concerning the utilization of X chromosomal markers for forensic purposes
(Fig. 6.27).

This database contains four population haplotypes in which different-different
number of chromosomes is investigated:


https://en.wikipedia.org/w/index.php?title=Sascha_Willuweit&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Lutz_Roewer&action=edit&redlink=1
https://en.wikipedia.org/wiki/Charit%C3%A9
https://en.wikipedia.org/wiki/Charit%C3%A9
http://www.chrx-str.org/
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Fig. 6.27 Image of home page of ChrX-STR.org 2.0 online tool

¢ German: 627 chromosomes

¢ Ghanesen: 59 chromosomes

e Japanese: 93 chromosomes

¢ Chinese Hen: 144 male chromosomes

Software including X-Linked STR Markers

* GenoProof

* GenoProof Mixture

VAT

* DNAVIEW

* Rutgers combined linkage-physical human genome map

6.3.14.4 Mt. DNA Database

Mitomap
Mitomap is the database of mitochondrial DNA, which provides comprehensive
information related to mutations and polymorphisms in human mitochondrial DNA.
MITOMAP attempts to bring the broad spectrum of structure and function of
mtDNA, pathogenic, molecular, useful and clinical data into a single unified element
brought together component which can be questioned from a wide range of
perspectives. MITOMAP is right now utilizing the Sybase rational database man-
agement software. It is both a free information system for the mitochondrial
researcher and moreover gives the mtDNA map and clinical information assets for
the Genome and for Online Mendelian Inheritance Man.

Population dataset gives the permission to polymorphic restriction sites: clinical
dataset for base changes and nucleotide positions like disease-associated mutations


http://xdb.qualitype.de/xdb/haplotypes.jsf
http://xdb.qualitype.de/xdb/haplotypes.jsf
http://xdb.qualitype.de/xdb/haplotypes.jsf
http://xdb.qualitype.de/xdb/haplotypes.jsf
http://xdb.qualitype.de/xdb/software.jsf#gp
http://xdb.qualitype.de/xdb/software.jsf#gpm
http://xdb.qualitype.de/xdb/software.jsf#vat
http://xdb.qualitype.de/xdb/software.jsf#dnaview
http://xdb.qualitype.de/xdb/software.jsf#rutgers
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Fig. 6.28 Image of home page of Mitomap

and their clinical phenotypes; functional data for genetic element functions of
mtDNA; and gene-gene interaction data for information of mitochondrial DNA.
Mitomap is online database available for both browsing and querying capacity

(Fig. 6.28).

EMPOP
EDNAP Mitochondrial DNA Population Database EMPOP is the largest and high-
quality database which has the following characteristics:

Free available database
It uses SAM 2 software for the evaluation and query engine
It conducts quality control check on mitochondrial DNA data prior to manuscript

submission

It uses quasi-median network for quality control

It uses maximum likelihood approach (EMMA) for haplogrouping

It conducts alignment free database searches (SAM)

The updated version of EMPOP determines haplogoup of mitochondrial DNA
sequences with the help of maximum likelihood concept (Fig. 6.29, Table 6.2).

The EMPOP uses some of the tool tools to perform the analysis and interpretation of
mtDNA sequence variation such as:

» Haplogroup Browser

EMPcheck

NETWORK
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Fig. 6.29 Image of home page of EMPOP

Table 6.2 EMPOP

Mitotypes Region
database 48,572 Total with at least HVS-1 Variation
46,963 HVS-I and HVS-II
38,361 Control Region
4289 Entire mitogenome

6.3.14.5 Short Tandem Repeat Makers Database
Short Tandem Repeat DNA Internet Database which is commonly known as
STRBase has been regulated by National Institute of Standards and Technology
(NIST) which contains data on commonly used STR markers. This internet available
datasheet is used forensic genetic community.

STRBase includes:

* Population data

* PCR primer sequences

e Commercial multiplex STR Kkits

¢ Sequence information

* Mutation Rates for Common Loci
* Technology related to STR analysis
* Comprehensive reference lists

* Y chromosome STRs

¢ Mixture Interpretation

e Tri-allelic pattern

* DNA Marker Information


https://strbase.nist.gov/mutation.htm
https://strbase.nist.gov/str_ref.htm
https://strbase.nist.gov/y_strs.htm
https://strbase.nist.gov/mixture.htm
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Fig. 6.30 Image of home page of STRBase

Table 6.3 List of databases used for forensic genetics

DNA data types to be Year of launch and name of

Database | allow to submit curator Link

STRidER | Autosomal STR 2016 and Walther Parson www.strider.online

YHRD Y chromosomal STR 1999 and Lutz Roewer and | www.yhrd.org
data Sascha Willuweit

ChrX- X chromosomal STR Not available www.ChrX-STR.org

STR data

Mitomap | Mitochondrial DNA 1996 and Dr Douglas WWwWw.mitomap.org
data C. Wallace

EMPOP Mitochondrial DNA 2006 and Walther Parson http://www.empop.org
database

STRBase | Short tandem repeat 1997 and John M. Butler https://www.cstl.nist.
DNA Database gov/biotech/strbase/

Population data studies gets revealed in the writing and feed in the STRBase by
posting the STR framework, target population, the quantity of irrelevant people
tested, and the reference. These set of population examines gives a significant device
to finding references that contain STR allele frequencies to help in ascertaining
matching probabilities for DNA profiling cases (Fig. 6.30, Table 6.3).


http://www.strider.online
http://www.yhrd.org
http://www.chrx-str.org
http://www.mitomap.org
http://www.empop.org
https://strbase.nist.gov/butler.htm
https://www.cstl.nist.gov/biotech/strbase/
https://www.cstl.nist.gov/biotech/strbase/
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Abstract

The chapter presents the timeline, developments, nature, challenges, applications
and prospects of ancient deoxyribonucleic acid (aDNA) technology. It also
highlights the vision of future perspective that makes the field of aDNA technol-
ogy so important and applicable to the people today. DNA is a blueprint of book
of life that encodes genetic information. Human DNA consists of 3.2 billion
nucleotides, comparable to letters in a book. DNA, the language of life, is present
in all biological material—animals, plants. It degrades very slowly even after the
so called death of living beings. This degrading DNA remains preserved in dead
and fossilized living material is extractable and analyzable, called as ancient DNA
(aDNA). Mostly aDNA is recovered from archaeological, anthropological, pale-
ontological, museum specimen and clinical material. The age of aDNA ranges
from 100 years, or even less, to millions of years and it has undergone natural
environmental impact. Ancient DNA technology can be used in evolutionary
biology, anthropology, medicine, agriculture, ancient diseases, living
descendants by establishing a direct genetic link between a dead and a living
individual, sex identification, animal or plant identification, kinship analysis, law
enforcement and even determining the migration patterns of human populations.
Due to recent ongoing development, the aDNA technology has become a factual,
truthful, reliable and reproducible research field that recuperate DNA information
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from paleontological, anthropological and archaeological finds allowing us to
study the genetic associations between past and the existent organisms.

Keywords

aDNA - Paleontology - Archaeology - Genetics - Inter disciplinary research

71 Introduction

DNA, abbreviation for deoxyribonucleic acid, is the basic life giving material in all
species of animal and plants. It is generally present in the nucleus of cell in the form
of a double helix and called as nuclear DNA. Besides nuclei, DNA is also present in
mitochondria and hence referred as mitochondrial DNA. Genome is the name given
to the total amount of DNA in a species. In human genome, mitochondrial DNA
(mtDNA) consists of 16.5 kbp (kilo base pair) and nuclear DNA is 3 billion bp
(Lander et al. 2001). DNA in humans is present in 46 chromosomes, which exist in
the nucleus of all body cells except the red blood cells (RBCs). The human nuclear
genome contains 5% coding region referred as exons and 95% noncoding region
called as introns. The exons are highly conserved and the introns are highly
polymorphic (Daniel and Walsh 2006). In each human body cell, DNA is present
as a 6-9 ft long coiled thread. On unwinding of all DNA in human body cells it
would reach to the sun and back one thousand times. It is interesting to note that
sequencing reveals 99% similar DNA in all humans. Of the remaining 1% only, it’s
one-tenth, is responsible to make us unique (Feuk et al. 2006). Remember that
human DNA is not unique as more or less of it is shared with many other past and
present species of animals and plants. Thus 98% of human DNA is similar with that
of chimpanzee and 50% is similar to that of banana. If we write the information in a
single cell on paper it needs 46 volumes of Webster dictionary. DNA is a blueprint or
book of life. Human DNA consists of 3.2 billion letters. Human genome sequence
was completed in 2000, by a consortium of 18 laboratories in five countries. There
are three chemical substances in DNA: (a) “deoxyribose sugar”, (b) “phosphate
group” and (c) “nitrogenous base”. Of these three, deoxyribose, sugar and phosphate
group, are similar in DNA of all persons, but the nitrogenous base differs as it
characterizes individual constituent of the polymer. This variation gives
differentiating characters in each person, which helps in individualistic identifica-
tion. Each nitrogenous base consists of, as a general rule, one of the four letters of
nucleotide; A, T, C and G. These four nucleotides—adenine, thymine, cytosine and
guanine are complement to each other in a permanent order or sequence: A pairs
with T and C pairs with G (Fig. 7.1). This complementation of four nucleotides
makes a DNA molecule (Luftig and Richey 2001).

Nucleic acid molecule, as we know, is very long and called as macromolecules,
which means that it is a molecule made up of smaller molecular units, which are
called nucleotides. The nucleotide linked chemically to each other to form a chain. In
DNA, the four nucleotides named as adenine, thymine, cytosine and guanine, as
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Fig. 7.1 Fundamentals of BOOK — CHAPTERS — PARAGRAPHS — SENTENCES
DNA and its constituents A_Z —g 26 LETTERS

DNA — CHROMOSOMES — GENES — LOCI
AT C,G— ONLY 4 LETTERS

A >
mentioned earlier and A, T, C, G, respectively is their abbreviation. Another major
nucleic acid, present in the cells, called as ribonucleic acid, abbreviated as RNA,

which differs from DNA by replacing thymine with uracil (U). The sequence of the
RNA nucleotides allows nucleic acid to encode genetic blueprint of an organism.

7.2  Ancient Deoxyribonucleic Acid (aDNA)

Ancient Deoxyribonucleic Acid, abbreviate as “aDNA?”, is a nuclear material, which
is extracted from long dead biological organisms—plants, animals and humans, that
were not preserved for the purpose of DNA isolation. Examples are all archaeolog-
ical finds of biological origin, fossil remains, museum specimen and any other
biological material not preserved for genetic or genomic studies but remained
lying under natural environmental conditions over substantial period of time. DNA
is very complex molecular structure, which starts degradi