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Abstract: Since the early 1990s the evolution of the technologies has brought considerable change in the area
of DNA processing. Although we can read and process DNA, the analysis of the collected data still remains
a vast research area. This paper presents a brief overview of human DNA processing from an informatics
(bioinformatics) point of view. The paper explains the basic structure of DNA and outlines the importance of
DNA processing. The main part of the article describes the procedure of transformation and DNA processing. We
will also discuss the historical development of the available data processing methods. We will look at the major
differences in data sequencing and processing using the DNA chip. The article is concluded with an assumption
of data processing.
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DNA Characteristics

The human body is a complex system consisting of about

200 different types of more than 10*3 cells, and we can iden-
tify over 20 different structure types in the context of those
cells [1] [2] Fig. 1: The Central Dogma of Molecular Biology
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3. Translation [4].
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There are many differences between DNA and RNA,
but the basics are as follows [4]:

e DNA carries ,code”, or genetic information;

e DNA has a form of double helix(double-stranded),
while RNA are usually single stranded;

e DNA consists also from nucleotides Thymidine (T)
in addition to RNA, while RNA is formed also from
molecules of Uracil (U), which are not included in
DNA.

Readable Information from Processed DNA

The ability to analyze and the subsequent explanations
of information stored in DNA are very helpful for professio-
nals. Doctors diagnose serious disease(s) by errors in DNA,

or determine the likelihood of occurrence in the future. And
we are talking only about the field of medicine — the use

for forensic scientists is just one of the areas where we can

use the information that carries DNA. What then can be
detected from processed DNA? Theoretically, anything on

a given subject. In practice, however, we encounter several
problems:

e The complexity of the preparation and processing of
DNA samples, and the possibility of errors during
DNA preparation;

e Errors which arise in the processing of data and their
repair;

e Identification of data — a huge data set.

There is an idea to create a system designed to process
DNA sequences obtained by the patient and their subsequ-
ent identification. It could be accomplished thanks to the
close cooperation between the University Science Park at
University of Zilina and Jessenius Faculty of Medicine in
Martin — Department of Clinical Biochemistry. In the case
of a successful implementation it may be a useful tool for
decision support for a doctor in determining the treatment
of a patient’s cancer.

The Evolution of DNA Processing

A significant milestone in the understanding of DNA
was Rosalind Franklin’s (expert at x-ray diffraction) disco-
very in 1952. Her research led to the first images which re-
vealed the exact structure of DNA [5]. The next important
step was the development of DNA sequencing (called San-
ger method) method by two-time NobelPrize winner Fre-
derick Sanger, also known as the Sanger method [6]. Two
years later another approach called Maxam-Gilbert DNA
sequencing method was developed and published by Al-
lan Maxam and Walter Gilbert. This method is based on
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the principles of nucleobase-specific partial chemical modi-
fication of DNA and the subsequent cleavage of the DNA
backbone at sites adjacent to the modified nucleotides. [7].

The first signs of the automation of DNA sequencing
can be found only in the early 1980s. Before the arrival of
automation, DNA was sequenced by hand. It was a compli-
cated and lengthy process, during which errors or omissions
occurred very often. The first semi-automated commercia-
lized DNA sequencer was introduced by GATC Biotech —
German specialist in DNA and RNA sequencing. The prin-
ciple was published in DNA Sequencing with Direct
Blotting Electrophoresis [8].

The second generation of DNA sequencing was started
in 1996 by Pal Nyrén and Mostafa Ronaghi at the Royal
Institute of Technology in Stockholm. They introduce pyro-
sequencing in Real-time DN A Sequencing Using De-
tection of Pyrophosphate Release [9]. This generation
of DNA sequencing was called next-generation sequencing
(NGS). The evolution of DNA sequencing is heading to one
molecule of DNA sequencing in real time, but today it is
available in a more theoretical than practical form. A sub-
tly different approach (or technology) associated with the
processing of DNA is DNA microarrays. In the beginning
of the 1990s technological progress allows ,,genomic revo-
lution”, this revolution enabled scientists to complete the
sequences of a variety of organisms, including the culmina-
tion of the full draft sequence of the human genome [10].
In the late 1980s a team of scientists led by Stephen P.A.
Fodor Affymetrix ®GeneChip technology (oligonucleotide
microarray). In 1994 the company, Affymetrix, commenced

the commercial sale of the ®GeneChip system for research
use.

DNA Chip (Microarrays) vs. DNA Sequencing

DNA Microarrays

Hybridization has been used to identify genes in cellular
DNA for more than 30 years now [5]. Microarrays are based
on the same principle but differ in quantity. Whilst tradi-
tional hybridization techniques, such as Southern blot, can
detect one gene at a time, microarrays are intended to do
the same with thousands of genes in a single experiment.

The flowchart of a ® GeneChip System microarray expe-
riment is shown at Fig. 3. Once the nucleic acid sample has
been obtained, target amplification and labeling result in a
labeled sample. The labeled sample is then injected into the
probe array and allowed to hybridize overnight in the hybri-
dization oven. The washing and staining of the probe array
occur on the fluidics station, which can handle four probe
arrays simultaneously. The probe array is then ready to be
scanned in the Affymetrix GeneChip scanner, where the
fluorescence intensity of each feature is read. Data output
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includes an intensity measurement for each transcript or the
detailed sequence or genotyping (SNP) information [11].
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Fig. 3: Flowchart of a GeneChip System Microarray Experiment

When we have data, we can start the very complex
process of their preparation and subsequent analysis. The
,Output” of loaded chip with all the data is in the .CEL
file. The treatment process should consist of the following
steps:

1. Verification of data quality

(a) RNA degradation plot, Relative Log Expression
(RLE), ...

2. Data normalization

(a) RMA normalization method, GCRMA, ...
(b) Chip identification

3. Phenodata — add/edit
(a) Define to which group of samples chip belongs
4. Preprocessing

(a) Filter non-changing genes

t

. Analysis & Visualization

(a) Statistical testing
(b) Clustering

(¢) Pathway analysis
(d) Promoter analysis

An easy way to work with microarray data is to use the
Chipster open-source platform for data

(http: // chipster.csc.fi/)

analysis

DNA Sequencing

In electrophoresis, DNA to be sequenced is placed at one
end of a gel-a slab of a gelatin-like substance. Electrodes are
placed at either end of the gel and an electrical current is ap-
plied, causing the DNA molecules to move through the gel.

Smaller molecules move through the gel more rapidly, so
the DNA molecules become separated into different bands
according to their size. The catch is that electrophoresis
can only separate about 500 bases into clear bands-hence
the need for chopping DNA up into small pieces in order to
sequence it.

An automatic sequencing machine spits out what ge-
nome scientists call ,raw” sequence. In a raw sequence,
the reads or short DNA sequences are all jumbled toge-
ther, like the pieces of a jigsaw puzzle in a just-opened box.
Inevitably, a raw sequence also contains a few gaps, mi-
stakes, and ambiguities. The process of polishing that raw
sequence-transforming the fragmented rough draft into a
long, continuous final product without breaks or errors-is
called finishing. Finishing involves both assembly, in which
individual reads are hooked together in the proper order,
and a laborious process of double-checking and refining the
sequence to eliminate mistakes and close gaps. Finishing
often takes longer than the sequencing itself [12].

Possibilities of Processing Acquired Data

A great deal of work in regard to the processing of DNA
is spent on the conditioning and subsequent data analysis.
Regardless of the method of data processing, one of the big-
gest problems is the identification of information hidden in
the data. Several ,genetic databases” are available which
are a rich information source for identifying individual ge-
nes (Genome Trax). The system which would know based
on the selected parameters browse the database and analy-
zed data to compare them with the data obtained from the
DNA sample is one of the options for further work.

The crawling process given the implemented comparison
algorithm and considering the fact that a huge set of data
will require significant computing power, makes the task a
suitable candidate for the use of parallelization.

Basic statistical data processing in conjunction with
other information sources reveals the possibility of using
a complex exploratory analysis, which will help to unco-

ver hidden links and connections. Semi-automation of this
analysis would require the creation of a comprehensive envi-

ronment for a domain expert. The key role will by the im-
plementation of appropriate knowledge base.
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