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Abstract—Visualization  process is a  series of
transformations to convert raw simulated data into a
displayable image. The human brain can analyze pictures
and patterns better than computers. In visualizing mtDNA
molecule, Jmol modeling being is used. Jmol is a Java-based
molecular modeling application that can be used either in a
stand-alone mode, or as an embedded object in web pages.
With Jmol modeling, Human mitochondria can be viewed
to see the buildup of the molecule where it will contain
multiple copies of a circular genome made up of double-
stranded DNA (mtDNA). In criminal investigation, the
presentation data to the juries remains a critical feature in
the forensic investigation. In a DNA profile, it consists of
measurements of the genotype at a number of marker loci.
The STR/MtDNA profiler will portray a DNA sequence
using a visualization technique where it is relevant not only
to avoid or detect mistakes in the production and
interpretation of visualization, but also helps to reduce
mistakes in the production of DNA sequence and the
interpretation of it.
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I.  INTRODUCTION

In the last decade, visualization is an efficient way of
transferring a large amount of information from a
database into understandable and meaningful picture for
individual understanding. Visualization process is a
series of transformations to convert raw simulated data
into a displayable image. The human brain can analyze
pictures and patterns better than the computer. If there are
no tools and applications specifically designed for the
raw to be discussed, the visualization applications can
create rich opportunities for wusers to engage in
discussions about the data being displayed [1]. Scientists
can usually recognize incorrect results in graphical
depictions of the output of their algorithms. To find the
source of errors, we need a way to apply this same visual
understanding to the internal logic of the algorithms.

An algorithm for animation of a data allows the data to
be visualized for the behavior of an algorithm. Although
algorithm to animate a data has mostly been used in
computer science, potential applications in other
scientific domains also need for example mathematics,
economics, and many other things.
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An algorithm that creates a visualization of both the
data and the operations of the algorithm. The algorithm
maps the data into an image, which then gets animated
based on the operations between two succeeding states in
the execution of the algorithm. Animating an algorithm
allows for better understanding of the inner workings of
the data. Furthermore, it makes apparent shortcomings
and advantages of the data and allowing it for further
optimization.

The scientific forensic algorithms method of gathering
and examining DNA information also is not left behind
by using DNA testing, where it has and even many
criminal defense lawyers to tell about the past which is
then used in a court of law, on the idea that DNA tests
provide a unique and infallible identification. DNA
evidence has sent thousands of people to prison and, in
recent years, have played a vital role in exonerating men
who were falsely convicted, where the information can
get from the person DNA or DNA sample.

Deoxyribonucleic acid or DNA stands for molecules
like a double-stranded string contains information,
blueprint, barcode or instruction for each cell in the
human body or plat that will be inherited from both of
children parents. DNA is present in every cell of our
body, and without we realize that we also leave cells
behind anywhere we go. Flakes of skin, drops of blood,
hair, and saliva all contain DNA that can be used to
identify us [2]. If the DNA that being found is being
degraded the DNA can still be used in the court by
extracting the mtDNA.

The mitochondria contain small amounts of DNA.
This genetic material is known as mitochondrial DNA or
mtDNA. Most of the mtDNA sequences are too long to
be wholly displayed on the computer monitor, and it is
very difficult to reveal some peculiarities or
characteristics directly from the text string that represents
DNA [3]. This is because the visualizations designed to
support communication and collaborative analysis of the
data. Most visualization relies on interaction and is far
less effective in the screenshot or printed form [4]. A
good way to visualize an mtDNA sequence would help in
estimating nucleotide content, and in revealing repeated
or missing subsequences, conserved regions [5].

Il.  THE BASIC OF FORENSCIC PROCEDURE

Personal identification relies on identifiable
characteristics such as biological (DNA, mtDNA, blood,
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saliva, etc.), physiological (fingerprints, eye irises and
retinas, hand palms and geometry and facial geometry),
behavioral (dynamic signature, gait, keystroke dynamics,
and lip motion) and on mixture of physiological and
dynamical characteristics such as the voice.

mtDNA has become the most important personal
identification  characteristic  because all  genetic
differences, whether being expressed regions of mtDNA
(genes) or some segments of mtDNA with no known
coding function but whose pattern of inheritance can be
monitored can be used as markers. Any two humans are
more than 99% identical in their DNA sequences, still
have millions of genetic differences, making them
different in their risk of getting certain diseases and
response to environmental factors.
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Figure 1. Human mitochondrial DNA.

Fig. 1 shows mitochondrial DNA can be assessed as
the smallest chromosome coding for 37 genes and
containing approximately 16,600 base pairs. Human
mitochondrial DNA was the first significant part of the
human genome to be sequenced. In most species,
including humans, mtDNA is inherited solely from the
mother. Mechanisms for this include simple dilution,
degradation of sperm mtDNA in the fertilized egg, and,
at least in a few organisms, failure of sperm mtDNA to
enter the egg. Whatever the mechanism, this single parent
(uniparental) pattern of mtDNA inheritance is found in
any human, animals and also in plant.

Repetitions occur at most of sequence length scales,
number and dispersion [1]. Examples of such repetitions
are homo- and di-nucleotide repeats (microsatellites), and
families of interspersed, mobile elements hundreds of
base pairs long such as the ALU sequences. There are
more than one million ALU sequences in the human
genome, each 300 bases long, which are able to copy
themselves in other parts of the genome, generating
mutations.

I1l.  OBJECTIVE

The main goal in the development of STR/mtDNA
profiler is to combine DNA testing sample of STR and
mtDNA only at one place and to visualize for
understanding of the practitioner especially students. The
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final result of the testing is expected to be fast and cost-
effective compared to the normal DNA testing. The law
enforcement unit may exonerate innocent convicted
people. There are a number of ‘cold cases’. Therefore,
STR/mtDNA profiler used as a standard marker of loci
for determining the differentiation between sample at the
crime scene or from contributed samples. The profiler
mtDNA testing is one of the forensic techniques
championed by both defense lawyers and prosecutors.
Development of STR/mtDNA profiler will contribute to
reduce crime rates in Malaysia as one of the latest
initiative under National Key Result Areas (NKRA).

IV. METHODOLOGY

Visualization is an efficient way of transferring a large
amount of information from a database into
understandable information to an individual's head. If
there are no specifically designed for the raw to be
discussed, the visualization applications can create rich
opportunities for users to engage in discussions about the
data being displayed. This is because the visualizations
designed to support communication and collaborative
analysis of the data [4]. Most visualization relies on
interaction and is far less effective in the screenshot or
printed form.

Most of the visualization data rely on interaction and
are far less effective in the screenshot or printed form,
but, nowadays there are many devices with multi touch
gesture controls, and it is always-on with connectivity
and fast processing power, that bring all the visualization
like static graphs and pie charts are being brought to life
through real-time data.

In our research to visualize mtDNA molecule, we used
Jmol modeling. Jmol is a Java-based molecular modeling
application that can be used either in a stand-alone mode,
or as an embedded object in web pages. Over the past
couple of years, Jmol has emerged as a viable
replacement for two long-standing tools used for
visualizing macromolecules on personal computers,
Because it is Java based is essentially independent of the
platform that it runs on, when used from a webpage, it
requires only a Java enabled browser.

Figure 2. Co-varying expression network between mtDNA and
nuclear genes.

Fig. 2 shows a co-varying expression network between
mtDNA and nuclear genes. The consensus network
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shared between CEU and YRI is plotted. Connections are

placed between genes that are correlated at [Spearman’s
r|40.60 in CEU and YRI.

A. Mitochondrial DNA

The human cell also contains DNA molecules outside
the nucleus, known as mitochondrial DNA (mtDNA).
mtDNA is maternally inherited, i.e. it is passed in
identical form from mother to child, ignoring mutation.
This makes mtDNA important for evolutionary genetics.
But it is also significant for forensic identification: Two
persons which are related through a maternal line will
have (almost) identical mtDNA. As mentioned, mtDNA
is maternally inherited and passed unchanged from
mother to child. Similarly, the Y-chromosome is
paternally inherited, i.e. passed from father to son in
identical form. So two male individuals related through a
paternal line will have identical Y-chromosomes.

The mitochondrion is the primary energy-generating
organelle, harboring critical components of the electron
transport chain for ATP synthesis through oxidative
phosphorylation. In almost all eukaryotic cells,
mitochondria have central roles in biosynthesis,
homeostasis, and programmed cell death.[6]-[8] .

Dysfunctional mitochondria have pleiotropic negative
effects, giving rise to a large spectrum of defects that
primarily affect tissues with high energy requirements
such as the brain, heart, liver, skeletal muscles, kidney,
and the endocrine and respiratory systems. [9]-[12]. To
simultaneously estimate the expression of mtDNA and
nuclear genes, the present study published RNA-seq data
[13], [14] that included a large number of polyadenylated
[1], [15]-[17] mitochondrial transcripts. The quantified
between-individual variation in the expression of mtDNA
genes in HapMap samples of European (CEU) and
African (YRI) ancestry to evaluate this variation at the
population level. The co-varying expression between
mtDNA and nuclear genes, and explored various
potential mechanisms that may underlie the association.
Human mitochondria contain multiple copies of a
circular genome made up of double-stranded DNA
(mtDNA) that encodes proteins involved in cellular
respiration. Transcript abundance of mtDNA-encoded
genes varies between human individuals, yet the level of
variation in the general population has not been
systematically assessed.
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Figure 3. Process for evaluation of mtDNA samples.
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Fig. 3 showed how the process is being done to
evaluate the mtDNA between two different samples. In
criminal investigation the presentation data to the juries
remains a critical feature of forensic mtDNA usage.
Emphasis on the non-unique status of the marker is
important so that juries are not confused about the
differences between the powerful statistics used for
nuclear DNA and the more modest statistics possible
with mtDNA results [1]. Recently no court decision has
been overturned due to any misrepresentation during
testimony about the strength of the statistical conclusion
or a failure to represent the non-unique haploid mode of
mtDNA inheritance.

B. Visualization

In [18] visualization is to form a mental vision, image,
or picture of (something not visible or present to sight, or
of an abstraction); to make visible to the mind or
imagination. Modern biology, chemistry, biochemistry
and crystallography education has benefitted from fast
desktop computers and free and commercial software for
the visualization of crystal and molecular structures. The
software supports instructors to demonstrate, and
student’s practice, operations that would be nearly
impossible to carry out by hand. But a simple technique
of visualization, can transform students of all ages from
passive to active readers; visualization can help students
cross the boundary to improved comprehension. When
visualizing data using a digital computer, the data must
be in digital form. There are a great variety of data-
sources. Digital data may be produced by the various
experimental equipment.

Visualization is the graphical presentation, display of
information, with the goal of providing the viewer with a
qualitative understanding of the information contents. It
is also the process of transforming objects, concepts, and
numbers into a form that is visible to the human eyes.
Data visualization is all about understanding ratios and
relationships among numbers. Not about understanding
individual numbers, but about understanding the patterns,
trends, and relationships that exist in groups of numbers
[2]. It is important to note that for a visualization to be
effective, it must draw upon the knowledge base of the
viewer. If the viewer does not possess the knowledge to
understand the graphical entities and the relations
between them the visualization does not achieve its goal.
Visualization has many applications. For the most part
they can be classified into two categories:-

« Data Exploration

» Communicating Information

Data Exploration is the practice of using visualization
techniques to find unforeseen relationships between data
points or sets of points in large databases. Once a
relationship has been found the same visualization can be
used to communicate that relate to others. For example,
educational visualization where it will be using a
simulation not as normal traditional teaching where the
visualization were created on a computer to create an
image of something so it can be taught about. This is
very useful when teaching about a topic that is difficult to
otherwise see, for example, atomic structure, because
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atoms are far too small to be studied easily without
expensive and difficult to use scientific equipment.

C. Jmol

Jmol is an open-source viewer for three-dimensional
chemical structures, with features for chemicals, crystals,
materials and biomolecules that does not require 3D
acceleration plugins. Jmol returns a 3D representation of
a molecule that may be used as a teaching tool [4], or for
research e.g. in chemistry and biochemistry.

V. RESEARCH ARCHITECTURE

Fig. 4 shows that how the STR / mtDNA system
architecture profiler that has been developed to matching
between two DNA samples, one that been found from
crime scene and the other one sample is will be match
within the DNA database or a sample from the suspect.

DISPLAY DNA RESULT

Figure 4. Research visualization algorithm.

This application disputes the paternity analysis
whether the individual A is the father of individual B.
STR/mtDNA profiler may help in solving criminal cases,
if crime scene investigators found stain of evidence and
they try to solve who that contributed to the stain
evidence.

Figure 5. Full molecule visualize using jmol.
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Figure 6. System architecture STR/mtDNA profiler.

Fig. 5 shows how jmol will produce final molecule
that been convert from STR/mtDNA sequence. Typical
DNA cases involve the comparison of two samples
where an unknown or evidence sample, both can come
from semen in rape cases, or it can come from a known
or reference other than the semen, such as a blood sample
from a suspect.

Fig. 6 shows the process flow on  how the
STR/mtDNA system architecture profiler matching
between two DNA samples, one that had been found
from crime scene and the other DNA database or samples
of the dna from the suspect. The DNA profile that being
found at a crime scene is very limited, and we can’t
easier to imagine that the suspects might be unrelated to
the crime and that the suspect matches only by chance
[19].

VI. IMPLEMENTATION OF DNA PROFILE AND
GENOTYPES

The genotype of an individual at a given locus is the
unordered pair of alleles at that locus. One cannot
measure which allele originated from the mother and
which from the father. The genotype is typically reported
as (12, 14) or (A,B), so that the smallest is mentioned
first

TABLEI. Two PERSON SIMULATED MIXTURE—NUMBER OF
ALLELES AT EACH Locus
No of Alleles
Loci 1 2 3 4
D3 0.011 0.240 0.559 0.190
VWA 0.008 0.194 0.548 0.250
D16 0.016 0.287 0.533 0.164
D2 0.003 0.094 0.462 0.441
D8 0.011 0.194 0.521 0.274
D21 0.007 0.147 0.505 0.341
D18 0.003 0.095 0.472 0.430
D19 0.020 0.261 0.516 0.203
THO 0.016 0.271 0.547 0.166
FGA 0.003 0.116 0.500 0.381

Source : Buckleton et al., Forensic Science International:Genetics

1(2007) 20-28.
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Table | shows a DNA profile consisting of

measurements of the genotype at a number of marker loci.

Standard kits use 9 or 10 markers, but occasionally more
markers are measured. Markers are generally chosen on
different chromosomes, to avoid problems of linkage, i.e.
dependence created in the process of meiosis, in the
STR/mtDNA profiler as shown in figure 5 is the example
of molecule that being visualizes using jmol. If the DNA
profile consists of a combination of traits that figure to be
extremely rare, the evidence is very strong that the
suspect is the contributor.

VISUALIZATION IN FORENSIC DNA ANALYSIS
Harun
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Figure 7. Developed DNA matching form.

VII. DISCUSSION

It is generally believed that mtDNA gene expression is
proportional to the number of mtDNA copies [19], [20]
and the amount of mtDNA in a cell could provide a
major regulatory point in mitochondrial activity [19],
[21]. Functional analyses of correlated genes and
modules confirmed biological processes previously
known to be associated with mitochondrial activities,
such as apoptosis [22]. These analyses also identified
many genes involved in those biological processes
previously unknown to be associated with mitochondrial
activities [23].

VIIl. CONCLUSION

A forensic science process through mtDNA analysis
provides a lead to the suspects in criminal investigations.
Faster result and effective decision making can be
acquired, even though without partial complete DNA or
DNA without nucleus or even hair without root —
compared with DNA analysis using STR technique.
Analysis of DNA data has become one of the main
reliable results for victim identification either in crime
investigation or even natural disasters. The STR/mtDNA
profiler used the advancement of science and technology
will continue to protect the harmony in communities. The
STR/mtDNA profiler will portray a DNA sequence using
a visualization technique where it is relevant not only to
avoid or detect mistakes in the production and
interpretation of visualization that helps to reduce
mistakes in the production of DNA sequence and the
interpretation of it. Visualizations of the DNA sequence
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help authorities get more understanding on DNA analysis
and therefore will assist in solving crime more effectively.
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