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Introduction

We owe the rapid development of molecular medicine to the use
of new technologies in the diagnosis. Most of all genetic diseases are
single gene diseases with typical Mendelian inheritance patterns. Most
of them are the result of mutations that can be detected by today's
technologies: sequence changes that can be detected by sequencing
methods and copy number variations (CNVs) that can be detected by
array methods. Next Generation Sequencing (NGS) is a technology
that allows the examination of a DNA segment that is too large to
be obtained by conventional Sanger sequence analysis in a single
experiment. Conventional sequence analysis was developed in 1975
by Sanger and named after the method. The NGS simply provides an
output increase. Sanger sequencing is still the gold standard method,
contrary to what is believed; as well as clinically the most preferred
method of verification [1-3]. Today, the sanger sequencing method
is used to investigate a specific region, gene, or specific mutation for
"targeted sequencing", in addition to verification.

Next Generation Sequencing (NGS) targeted DNA in two different
ways; partially or completely. Partial DNA sequence analysis is targeted.
If we are targeting a portion of DNA with NGS, this is probably panel
sequencing. For example, a commercial panel kit targeting 26 tumor
suppressor genes associated with hereditary cancer predisposition is
frequently used in the European market.

Advantages and disadvantages of Whole Exome Sequencing
(WES)

Among targeted sequencing alternatives, the largest scope has been
sequencing with exome. In other words, the most comprehensive range
of targeted sequencing methods is whole exome sequencing [4].

Human Genome Project was completed in 2002. So far, we know
only the coding regions of the genes that make up the difference and it
accounts for only 1-2% of the genome. This reduces storage and analysis
costs. Approximately 85% of pathogenic genetic variations include
mutations in this coding region. In this context, compared to WGS,
WES has lower cost and higher efficiency. This is why WES has been
routinely used and has now enabled the discovery of many disease-
causing genes. But what about the CNVs? In 2010, chromosomal
microarray was accepted as the first-tier test in the presence of
unexplained developmental delay, intellectual disability (DD / ID),
autism spectrum disorder (ASD), or multiple congenital anomalies
(MCA). Therefore, we expect the results of chromosomal microarray to
be ready before WES analysis. But this is not enough. In countries like
Turkey, consanguineous marriages and rare recessive disease incidence
is very high. We are detecting a heterozygous mutation in many
recessive OMIM genes. In case of clinical suspicion, meaning that for
the genes those are clinically relevant, for the other allele, it requires
screening of intragenic deletions and duplications using a method such
as qPCR or MLPA. The cost is increasing with Sanger's confirmations
and family analyzes. Actually, there is a very effective way to scan such
mutations in one step: HD Arrays of various manufacturers or Exon
Array (Affymetrix, inc, Thermo Fisher Scientific USA). Today WES
and exon array together cost around $ 1000.

The diagnostic yield of WES is low, even if supplemented by the
techniques for the detection of copy number variants (CNVs). This rate
is so heterogeneous that in the literature, the diagnostic yield with WES
may vary from 10 to 50 percent [5,6].

Advantages and disadvantages of Whole Genome Sequencing
(WGS)

The whole genome sequencing is the technique that allows the
whole of the DNA to be genome-wide analyzed. WGS promises to
reduce all conventional genetic algorithms to a single step. It is possible
to detect even structural variations including balanced chromosomal
translocations through WGS, which also targets all of the genome and
even encompasses the entire human DNA sequence, including the
copy number variants on it.

It also has some technical advantages. WGS is PCR free, and does
not require an enrichment step, so it generates a uniform coverage of
the genome. This provides an advantage for CNV detection. There
is no limitation for sequencing read lengths with WGS. It is not a
problematic issue to read repeat sequences.

The diagnostic yield of WGS is still not 100%. Of course, besides
technically challenging regions of high GC content, large repeats etc,
the reason is not only technical. We classify the variants obtained by a
knowledge that is not progressing in parallel with today's technology
and try to reach a pathogenic diagnostic variant. Even the population
frequencies of the variants we have identified have not been fully
established. This results in a longer list of variants of unknowns (VUS)
[7-11]. Obviously, as the scope of the test expands to WGS, the number
of VUS will increase further.

WGS still requires several thousand dollars to be overlooked. It
is a costlier approach to securely store and analyze data that is close
to 100 gigabytes with WGS. For centers that have the chance to use a
high-throughput platform, like HiSeq X-Ten of Illumina and others of
course, costs are even lower. Probably the server capabilities of these
centers have also improved [12].

Conclusion

Currently, the only reason that influences WES and WGS is the
cost. WES represents the primary alternative to gene panel testing. As
the difference between costs becomes narrower, the preferences will
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shift to the WGS direction and the entire diagnostic analysis algorithm
will fall into single step.
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