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Abstract

DNA profiling in forensic context has seen tremendous growth over the last
almost four decades. Forensic DNA fingerprinting started with Alec Jefferey’s
single and multilocus probes via autoradiography followed by fluorescence-
based PCR-STRs. Lately, there has been a significant change in technology for
human identification. Chip-based massively parallel sequencing is the most
recent advancement. Drawing investigative leads, disaster victim identifica-
tion, and unsolved cold cases created a requirement for more efficient ways of
extraction, rapid DNA testing, and genetic genealogy. Pooling forensic
genetic genealogy, mitochondrial DNA for challenging sample analysis and
STR-SNP sequencing has opened more avenues to generate the data leading to
identification. This chapter highlights some of the advanced methods adopted
in forensic DNA profiling and a few appropriate cases incorporating such
methods.

Keywords

InDels · Massively parallel sequencing · Forensic DNA phenotyping · Bio-
geographic ancestry · Genetic genealogy · GEDmatch · Rapid DNA

From Sampling to Identification

Human identification is an essential component of forensic science. In the earlier
times, the emphasis was on the phenotypic aspects of human body such as anthro-
pometric measurements, color, and related features. However, since the advent of
DNA technology, the field of human identification has grown significantly in terms
of establishing individuality, relationships, and cultural and ethnic correlations. In
addition, DNA technology has also provided various interesting and useful avenues
such as establishing the genetic basis of various diseases through marker identifica-
tion, evolutionary biology, gene therapy, mapping, subspecies level identification,
habitat correlation, and related areas. The journey of DNA as an identification tool in
forensics for the past three decades has been comparatively simple. Generally, a
crime scene sample is profiled using existing methods and compared to a suspect or
uploaded to a forensic DNA database of convicted offenders. Crime investigating
laboratories mostly apply polymerase chain reaction (PCR) and fluorescence-based
capillary electrophoresis (CE) to detect length variations in short tandem repeats
(STRs). Although current capillary electrophoresis is the gold standard for analysis
of forensic samples and is the method of choice for separating STRs for most
forensic laboratories, the advent of massively parallel sequencing (MPS) or next-
generation sequencing (NGS) has shown new avenues for detailed genetic analysis.
NGS technology is evolving rapidly over the last decade and has proved
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advantageous in challenging forensic samples, including mixtures, low copy number
DNA, and degraded samples. NGS technology offered comprehensive results in case
of mismatches observed in disputed paternity cases (Ma et al., 2016).

Improved Software Tools

Software tools for data collection emanating from capillary electrophoresis are an
essential component of DNA profiling technology workflow. Advanced data col-
lection and analysis software could affect data analysis in capillary electrophoresis.
This could facilitate data processing by reducing off-scale data, thereby increasing
laboratory’s output. Stochastic effects like allele dropouts, allele drop in, sister
allele imbalance, and stutters occur more often in low DNA samples and may lead
to stutter amplification. Upgraded 3500 Data Collection Software v4.0.1 (User
Bulletin Publication Number 100075298, Thermo Fisher Scientific) provides new
features to reduce spectral pull ups. Gene Mapper™ v1.6, automated genotyping
software (User Bulletin Publication Number 100073905, Thermo Fisher Scien-
tific), cuts off threshold limit from 33,000 RFU (Relative Fluorescence Unit) to
66,000 RFU and enables accurate evaluation of peak heights to determine minor or
low-level contributor. It reduces off-scale data and is useful both for routine
casework and database samples. Improved software provides profile comparison
feature, improved marker labeling along with stutter filters so that the stutter peaks
are not exported. Recently, there have been integrated CE and NGS case manage-
ment workflows having data concordance (Converge software, Thermo Fisher
Scientific) in which the samples can be analyzed both for CE and NGS at the
same platform. Improved software tools have population statistics included in the
software itself; however, the databases can be customized according to the region.
Variants can be accurately detected, and samples that have been run on the same
sequencer can be compared. Fast, automated analysis of complex data and multiple
data export options have streamlined the analysis. Some laboratories are also in the
process of developing probabilistic genotype software to estimate the number of
male and female contributors (Coble and Bright 2019).

CE Data Interpretation Improvement
• Pull ups reduced.
• Signal optimization across the capillaries.
• Reduced off-scale data.
• Incorporation of 6-dye chemistry.
• Automatic spatial calibration.
• RFID tracking.
• One reagent cartridge.
• Common array length and single polymer for all applications.
• Small bench top instruments, touch display.
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Massively Parallel Sequencing/Next-Generation Sequencing:
Advanced Human Identification

DNA sequencing consists of identifying base sequence of certain sections or entire
length of DNA molecule. Sequencing technology has evolved tremendously since
first-generation technology started in the 1960s (Heather and Chain 2016). Since
then, the technology has improved significantly while jumping from first-generation
(Maxam and Gilbert 1977; Sanger, Nicklen, and Coulson 1977) to second- (Hyman
1988; Shendure and Ji 2008) and third-generation tools (Niedringhaus et al. 2011).
Conventional capillary electrophoresis has been the chosen method for forensic
laboratories to identify the perpetrators of crime and to exonerate individuals
(Chakravarty et al., 2019; Shrivastava et al., 2012). Molecular biology in association
with population genetics principles paved the way for excellent human identification
and construction of large number of DNA databases (Dixit et al. 2019; Srivastava
et al. 2020). Short tandem repeats (Autosomal STRs, Y-STRs, X-STRs, and mini-
STRs,) mitochondrial DNA, and single-nucleotide polymorphisms (SNPs) are the
tools used for CE fragment analysis (Fig. 1).

With recent developments in next-generation sequencing (NGS), novel methods
have been devised within the forensic community to make way for the investigative
proceedings when CE-STR analysis fails to produce results. Several forensic labo-
ratories are in the process of applying the MPS technology for the analysis of
conventional STR markers and mitochondrial control DNA region and the possible
uses of other DNA markers not frequent in casework such as next-generation STR
kits, single-nucleotide polymorphisms (SNPs), insertion/deletion (InDel) markers,
and mitochondrial DNA sequence (Phillips et al., 2007). With NGS we can generate
a lot of data from a single sample, viz., autosomal, Y-STRs, X-STRs, identity SNPs,
as well as phenotype and biogeography ancestry (Phillips, 2015) (Fig. 2).

The NGS Technology

With the initiation of Sanger sequencing method in the 1970s (Sanger et al. 1977),
DNA sequencing technology has come a long way. Several genome projects have
been completed using Sanger technology. However low throughput and high cost
pose a limitation to its use in more complex genome analyses (Fullwood et al.,
2009). The recently introduced NGS technology has superseded these problems and

Fig. 1 Current tools for
routine, degraded, kinship,
and sexual assault samples
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is being used in forensics (Weber-Lehmann et al. 2014), diagnosing diseases
(McCarthy et al., 2013), and ancient DNA analysis (Poinar et al. 2006). With Sanger
sequencing, both the strands of a PCR product are sequenced, i.e., we read the
sequence in one direction followed by reading in other direction, eventually
sequencing each base twice. In MPS/NGS each base is sequenced many times
yielding much more information about a sequence (Yang 2014). Billions of mole-
cules can be sequenced in parallel, hence the name massively parallel sequencing
(Fig. 3). Sequencing multiple reads at the same time leads to reduction in time as
well as cost. Roche introduced the world’s first high-throughput sequencing system
utilizing pyrosequencing based on sequencing by synthesis in 2005 (Margulies et al.
2005) followed by the technologies offered by Thermo Fisher Scientific, Illumina,
Ion Torrent Inc., and Pacific Biosciences (PacBio) to name a few. Since then, the
NGS technology has been offering new horizons for forensic genetics.

Comparing CE and NGS

Extracted DNA in CE technology is PCR amplified using commercially available
kits with fluorescent dye labeled primers to multiplex STRs with overlapping size
ranges. PCR products are then separated through CE according to their molecular
weight. The result is in the form of electropherogram comprising peaks with their
sizes expressed as base pairs and height expressed in relative fluorescent units
(Fig. 4) (Riman et al., 2020). NGS workflows (Fig. 5) also have PCR amplification
to enrich STR markers. The target-specific primers contrarily are not fluorescently
labeled but are taken for library construction. PCR products have adapters attached

Fig. 2 NGS: Multiple
markers, one amplification

Fig. 3 Sanger sequencing
versus massively parallel
sequencing
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at both the ends producing DNA libraries which can be sequenced (Müller et al.
2018). Raw digital data of sequencing reads is obtained as a result of sequenced
DNA libraries (Mardis 2017). Multiple libraries can be pooled into one reaction as

Fig. 4 Workflow of a traditional DNA Analysis
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the samples are barcoded. Available algorithms or software can determine the
sequence and length-based polymorphisms (Woerner et al., 2017). Table 1 shows
differences between CE and NGS technologies, whereas Figs. 6 and 7 depict the
similarities between methodologies adopted in the processes.

Forensic Applications of NGS Technology

The application of massively parallel sequencing is increasing in forensic DNA
analysis as the crime investigation laboratories are looking for methodologies to obtain
maximum information from a trace or degraded forensic sample (Fig. 8) (Montano
et al. 2018). Presently it is possible to map whole genomes with constantly increasing
speed and decreasing costs (Børsting and Morling 2015). The true diversity in core
forensic loci has been explored, thereby adding statistical weightage to the evidence.

Fig. 5 NGS Workflow

Table 1 CE versus NGS

Parameters Capillary electrophoresis NGS/MPS

Variation Length based Sequence based

Primers Fluorescent Non-fluorescent

Random matching
probability

Length-based
discrimination

Sequence -based discrimination

Population studies Uses allele frequencies Uses frequencies for sequence-based
alleles

Fig. 6 Similarities between
CE and NGS/MPS
methodology
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STR and SNP Sequencing

CE explores length based, whereas NGS is sequence-based variation (Gettings
et al. 2015). Multi-application sequencing has helped in achieving new heights.
With NGS, it is possible to derive full sequence information (SNPs and InDels)
within the STR loci to derive investigative leads and to estimate mutational
events in kinship testing (Dalsgaard et al., 2013; Gettings et al., 2015). Inser-
tion/deletion polymorphisms (InDels) which comprise the characteristics of both
STRs and SNPs (Kidd et al. 2012) have now been used for forensic case work
examination, databasing, and anthropological studies (Liu et al., 2020). SNPs and
mitochondrial DNA (mtDNA) provide an effective accompaniment to traditional
CE-STR analysis by increasing the amount and kind of genetic information that a
single sample may yield. By putting together this information, a powerful inves-
tigative profile can be generated for use with missing persons and mass disaster
victim identification (DVI) and to determine the number of contributors in a
mixture (Petrovick et al. 2020) and cold cases. It is helpful particularly in those
cases where traditional CE-based methods do not provide a full profile. Isometric
alleles having identical size, but different sequence, could be identified. MPS
offers high resolution as well as high power of discrimination, and degraded
sample can still be used. Lots of sequence variation can be analyzed within an

Capillary 
Electrophoresis

Check size standard and 
allelic ladder

Check positive and 
negative controls

Check for the stutter and 
artefact peaks

Make edits, rename the 
peaks

Generate and download 
reports

MPS/NGS

Check run quality

Check positive and 
negative controls

Review quality control flags

Make edits, rename alleles

Generate and download 
reports

Fig. 7 Data analysis similarities between CE and NGS
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allele. NGS technology can target just a few genes to all the nucleotides in a
whole genome (Guo et al., 2017). A large number of panels have been developed
for major as well as admixed populations. Successfully reliable and responsible
sequencing of autosomal as well as Y-STR loci leads to conviction of a rape
suspect by a court in Amsterdam, Netherlands. This case worldwide was the first
case where conviction was based on MPS.

Mitochondrial DNA Sequencing in Forensics Using NGS

Mitochondrial genome has higher copy numbers as compared to nuclear DNA and is
less prone to degradation. Degraded samples could yield good results using mt
DNA. Challenging samples are difficult to analyze with nuclear DNA; forensically
fruitful information can be obtained by means of mitochondrial (mt) DNA (Holland
& Parsons, 1999). It is the only source of information from samples like hair shafts

Fig. 8 NGS facilitated forensic tools
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where nuclear DNA is generally depleted (Higuchi et al., 1988). Mt. DNA analysis
is an indispensable tool in forensic DNA examination (Holland et al., 2019);
Mt. DNA is important for lineage, ancient DNA applications, and maternal inher-
itance for bio-ancestry. Capillary electrophoresis-based Sanger sequencing has
been the gold standard for the last few decades (Berglund et al., 2011). But the
technique is time-consuming and laborious and can focus only a portion of
mitochondrial genome, i.e., HVI and HVII. Detection of heteroplasmy and occur-
rence of two or more mitochondrial genotypes in a cell can increase the discrim-
ination power of analysis to a great extent. Analyzing heteroplasmy with Sanger
sequencing is exceedingly difficult. Introduction of NGS technologies has revolu-
tionized the arena of genomics (Kircher et al., 2012;). Last few decades have
witnessed the utility of varied NGS technologies in assessing mtDNA, viz.,
Roche’s 454 (Payne et al. 2013; Illumina’s GAII (Li et al. 2010), Illumina’s
HiSeq 2000 (Tang et al. 2013), and Ion Torrent’s Personal Genome Machine
(PGM) (Parson et al. 2013). MPS addresses the limitations of traditional sequenc-
ing and sequences the entire mtDNA in one reaction without consuming much
sample. MPS has large multiplex panels which makes it feasible to sequence the
entire mitochondrial genome. With MPS complete, mtDNA sequence can be
deduced from hair samples that come across in forensic case work (Parson et al.
2015). For aged and ancient genetic material, quantification and estimation of the
level of degradation is the correct approach. In the highly degraded sample where
nuclear DNA profile is not possible, NGS/SNP and mitochondrial DNA is the best
alternate method. Tsunami victims case where high temperature and moisture
resulted in degradation, the Russian Czar family missing children, and missing
Mexican students of 2014 where apparently the individuals were burnt and killed
and the remains were not amenable to DNA typing were some of the cases solved
using mitochondrial analysis.

DNA Intelligence

DNA intelligence or forensic DNA phenotyping (FDP) facilitates the prediction of
bio-geographic ancestry and external visible characteristics of the donors of forensic
samples (Fig. 9). This sort of intelligence administers priceless investigative leads in
cases where database matches do not yield results from STR analysis (Phillips et al.,
2019).

Forensic DNA Phenotyping (FDP): Visible Phenotype Estimation

STR analysis fails to identify a person whose profile is unknown to the analysts. The
drawbacks of comparative STR analysis lead to the birth of a new field in forensic
genetics, i.e., forensic DNA phenotyping (FDP) (Kayser and De Knijff; 2011).
Forensic DNA Phenotyping implies to the prediction of human appearances from
traits such as hair color, eye color, and skin color from unknown crime scene samples
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(Kayser 2015). Investigative leads can be obtained from unknown sample donors,
unidentified with the current CE technology. The technology can be of great help in
disaster victim identification and missing person identification cases.

Ancestry Informative Markers

Bio-geographic ancestry (BGA) can be predicted using ancestry informative markers
(AIM) (Xavier et al., 2020). During the course of the past few years, a large number
of panels of the ancestry informative markers have been recommended for analyzing
population genetic structure (Jiang et al. 2018). Also, ancestry can be established
from the components of mixtures.

Degraded Samples

Conventional forensic analysis has a limitation of allele size with respect to degraded
samples. To overcome this, shorter markers (MiniSTRs) were adopted (Martín et al.,
2006). Currently SNPs have been incorporated in sequencing panels (Gettings et al.,
2015). In CE, as a ski slope is obtained for a degraded sample, but NGS is not size
based, so interpretation of results is easier, and also it also works with less amount of
sample.

Identifying Monozygotic Twins

Monozygotic twins, having the same genetic structure, cannot be differentiated
by conventional techniques like STR, SNP, and mitochondrial DNA analysis.

Fig. 9 DNA intelligence
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Identification of extremely rare mutations by NGS can differentiate between mono-
zygotic twins (Weber-Lehmann et al., 2014).

Emerging Applications of NGS

Species origin of a sample, age range of contributors, metagenomics or human
microbiome analysis, and methylation analysis are some of the emerging applica-
tions of NGS. Microbiome gives unique identity to an individual and can be used to
determine the site of origin of the sample (Tozzo et al., 2020). NGS has a wide
variety of application in body fluid and tissue identification via mRNA and methyl-
ation studies (Ingold et al. 2018). Studies have reported the use of miRNAs (micro-
RNAs), a group of small noncoding RNAs having applicability in age prediction for
body fluids or crime scene stains using MPS (Fang et al. 2020). NGS is also useful in
wildlife forensics.

Utility of NGS/MPS over CE

The analysis of conventional STR markers using MPS provide a number of benefits
over standard CE analysis, namely, particularly increased number of loci, higher
discrimination power, and shorter amplicon length for a conclusive analysis of
degraded and trace DNA evidence:

• Low DNA samples.
• Male minor contributor.
• Degraded samples.
• Unknown tissue origin.
• Cold cases.
• Suspect untraceable cases.
• Failed CE cases.
• No STR profile match in DNA database.
• Cold homicide cases.
• Mixture interpretation.
• Complex kinship cases or familial search.

The technique has certain drawbacks also, such as being expensive, lacking
standardization, requiring huge resources for bioinformatics, and data storage
besides accumulating sensitive personal data which is difficult to protect as entire
genome including the coding regions can be sequenced. Although CE has a limita-
tion of panels being limited by size ranges and fluorescent labels, still CE-based STR
typing will remain the standard casework and database application as it is cheap, fast,
and reliable and can be undertaken on regular basis, whereas MPS-based STR typing
represents a specialized tool in forensics and can be used for specific cases. It
involves time taking, tedious steps in library and DNA template preparation,
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effective bioinformatics tools for sequence alignment, efficient data storage servers
for the storage of sequence data files, and lack of standardization. The said short-
comings are being worked upon and do not seem to be a major long-term issue
(Alonso et al. 2018). The technology guarantees endless advancement and may soon
become the standard benchmark of quality. Today NGS platforms are being used not
only in forensics (Fordyce et al. 2011) but also in microbial (Caporaso et al. 2012)
and cancer research (Kirsch and Klein 2012).

Forensic Genetic Genealogy: The New Means of Genetic
Identification

DNA analysis is being widely used in human identification, missing person/disaster
victim identification and kinship testing (Fig. 10). A CE-STR based analysis
involves uploading a crime scene profile to a database to obtain a hit or match
(Fig. 11), whereas forensic genealogy is based on SNP testing and uploading the
results to genealogy database to measure the genetic relatedness (Fig. 12).

Genetic genealogy has helped solve dozens of cold cases that would not have
been cracked otherwise (Greytak et al., 2019). Matching is done by searching for
DNA segments which are shared among the relatives. Genome-wide SNP data is
used to measure the genetic relatedness (Fig. 13) (Kling and Tillmar 2019). Genetic
genealogy though is not linked to CODIS but cases end the same way. In its
evolutionary stage, genetic genealogy started with Y STR analysis. For the last
2 years, over 100 cases have been solved that have not been solved over decades. It
has proved to be extremely accurate. Family trees have been constructed to find birth

Fig. 10 Applications of DNA in legal field

Fig. 11 Flow chart for CE-
STR-based analysis
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families by genealogists. Reference samples are compared with evidence material to
confirm identity.

Cold cases, missing person identification, unsolved heinous crimes, and exoner-
ation of the innocent can be solved by forensic genetic genealogy. Voluntarily
submitted DNA data for forensic purposes is being used by “Genealogy Data
Matching” (GEDmatch, Verogen, Inc.) software to generate investigative leads.
GEDmatch allows the user to upload and compare SNP data in database. Autosomal
profiles are uploaded to GEDmatch, to find out a potential match, and most recent
common ancestors of a suspect were found on family tree, although there still exist
issues in genetic genealogy relating to privacy notwithstanding the advancements
(Court S. Denise, 2018; Wickenheiser, 2019). Moreover, the technique is expensive,
time intensive, and resource intensive as is outsourced by forensic agencies and
requires specialized knowledge. Low-quality uploads result in false genealogy
connections. A cold case, a 16-year-old double homicide case, was solved by
FGG in Sweden. SNP profiles were generated from the crime scene samples using
whole genome sequencing and advanced bioinformatics tools. Relatives were
searched in GEDmatch, and family tree DNA databases were constructed ultimately
giving leads. With the arrival of IGG, alternate route for DNA analysis based on
SNPs has been described. The following are the technical requirements for SNP
testing:

• At least 1 ng of DNA.
• Single source DNA samples preferred.
• Degradation of samples could be a problem.

Fig. 12 Flow chart for
forensic genetic genealogy

Fig. 13 From remains to
database search: protocol
for FGG
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• DNA quality.
• Partial SNP profile.
• Success is genealogy database dependent.

Two most famous cases solved by this path breaking technique have been
discussed below:

The Ekeby Man Case

The technique puts forward a great challenge for low copy number degraded DNA as
in the case of forensic samples. Progression in DNA sequencing methodology has
enabled the probability to process low copy number degraded biological samples
(Prüfer et al., 2014). One such example is to identify an unknown male remains (“the
Ekeby man case”) found murdered in Sweden in 2003, where whole genome
sequencing was done on a bone sample along with bioinformatics tools which
generated around 1.4 million SNPs (Tillmar et al. 2020). The SNP genotypes were
searched for relatives on DNA database GED match. A list of relatives was prepared
to identify the unknown remains, and investigative leads were obtained.

The Golden State Killer

The man known as the Golden State killer (De Angelo serial killer, 74 years now)
was sentenced to multiple life sentences for dozens of crimes he committed. He was
convicted for the rapes and killings which he committed from 1975 to 1986 covering
a wide geographical area that was thought initially because of multiple people. He
began with home burglaries before committing many rapes and killings across
southern California. He often broke into people’s homes at midnight and carry out
rapes and killings. The crimes mysteriously ended in 1986. The heinous crimes
committed might have gone unsolved without the innovative genetic technique that
was developed to reunite adoptees with their biological parents. DNA recovered
from one of the crime scenes was put into the DNA database to find the relatives of
the killer. A common ancestor among them was found, and family trees down to the
present day were created (Phillips, 2018). De Angelo appeared as a possible suspect.
Eventually an item containing De Angelo’s DNAwas found by the investigators and
compared with the DNA recovered from the crime scenes, and a match was obtained.
He was arrested in April 2018. Dozens of victims testified before the court. He was
sentenced to life imprisonment without parole on August 21, 2020.

The Rapid DNA Instrument

Generating DNA profile from capillary electrophoresis involves a large number of
tedious steps. The setup required for performing STR analysis includes centrifuge
machines, thermal cyclers, and capillary electrophoresis instrumentation in a
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centralized laboratory consuming at least 10 hours. Advancements in instrumenta-
tion have led to automation during the last few years (Hopwood et al. 2010). Robotic
platforms (Frégeau et al., 2010) have reduced hands-on time. The rapid DNA
instruments combine the steps of isolation, faster amplification, denaturation, sizing,
and genotyping (Fig. 14). RapidHIT® 200 and the RapidHIT ID Systems have been
developed by IntegenX for generating STR profiles from reference samples in nearly
90 minutes. This also reduces the chance of contamination between the samples
(Pleasanton, CA) (Shackleton et al., 2019). One could employ such kind of a unified
instrument for reference samples with the least amount of time required by the
analyst (Dash et al., 2020). This kind of technique not only reduces the risk of
contamination but has the added advantage of swab reusability for conventional
DNA methods. Such kind of instruments can be used by the law enforcement
personnel in the police stations, in the crime investigation labs for increased lab
productivity, and in the field as well according to the need.

The RapidHIT™ ID system (Thermo Fisher Scientific) is a fully automated
system for human identification. Run information is transferred to Rapidlink™
software to process. Reagents used for each instrument can be traced at a central
location. All the data is fed into computer, and any DNA profile can be matched.
Quality flags/colored flags can tell about the run quality. One person at a central
position can see all the data coming from all the instruments and can address the
problem. Data quality is monitored at one workstation by the software. The system is
cartridge based with two kinds of cartridges, viz., primary cartridge and sample
cartridge:

1. Primary cartridge contains polymers, capillary, and buffers.
2. Sample cartridge are of two types the Ace GlobalFiler Express sample cartridge

for single source reference samples and the Rapid INTEL™ sample cartridge for
forensic samples such as bones (Buscaino et al. 2018).

The developmental validation studies for this system were performed with mock
casework samples according to the Scientific Working Group on DNA Analysis
Methods (SWGDAM) guidelines (Scientific Working Group on DNA Analysis

Fig. 14 Rapid hit system
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Methods Validation Guidelines for DNA Analysis Methods. December 2016) (User
Bulletin, “RapidINTEL™ Sample Cartridge for blood and saliva samples, Thermo
Fisher Scientific). The samples are analyzed on the GeneMarker®HID STR Human
Identity software on the instrument (Holland & Parson, 2011). Samples that require
fast results may benefit from the rapid platform. Numerous Rapid Hit systems linked
with RapidLink software can prove to be useful in criminal investigations.

Conclusion

Rapid DNA examination will soon facilitate new applications (Butler 2015). Mas-
sively parallel sequencing (MPS) provides the potential to multiplex diversified
forensically relevant markers and multiple samples together in a single run in
comparison with traditional capillary electrophoresis method (Churchill et al.,
2016). Sequence based allele frequency data with the establishment of within STR
allele sequence variants, will aid forensic community to enhance the power of
discrimination for human identification and mixture deconvolution by increasing
the effective allele number (Gaag et al. 2016) and kinship analysis. Forensic DNA
phenotyping (FDP) and bio-geographic ancestry (BGA) from an unknown crime
scene sample are gaining interest of the forensic community (Xavier et al., 2020).
Whole genome sequencing has been successfully used to constitute genealogy DNA
databases for generating investigative leads in cold cases (Tillmar et al. 2020). DNA
intelligence marks a considerable peculiar application of genetic evidence unlike the
one presented in the courtroom (Kayser 2015). NGS is an up-and-coming technol-
ogy and is increasingly being implemented in forensic case work examination.
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