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Abstract:  

Since its emergence to the present day, genetic testing plays an essential role in many clinical aspects that include 

diagnosis, prevention and treatment. Development continues in genetic analysis as required by the latest genetic-

related issues. In this review, we will discuss genetic testing techniques, the pivotal role they play in various 

clinical applications, and pharmacogenetic aspects of these tests. 
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Introduction 

Genetic testing is the analysis of genetic proteins such as DNA, 

chromosomes or RNA related to genetic or inherited diseases. [1] Genetic 

tests are classified into diagnostic tests and predictive tests. Diagnostic tests 

are competent to support the diagnosis of genetic diseases with a clear 

clinical picture, while prediction of future susceptibility to genetic disorders 

is the responsibility of predictive tests. [1,2] 

Genetic studies are developing at a rapid pace, particularly in recent years. It 

has become an integral part of many medical fields. As its spread expands, 

we find that it has many techniques, such as detecting illnesses related to 

genetic mutations, karyotype, and phenotype. [3] 

Among many applications and purposes, genetic testing has a high profile in 

pharmacogenetics, ancestral proof issues, and inborn metabolic disorders. 

[4] 

In this review, we will discuss genetic testing techniques, the pivotal role 

they play in various clinical applications, and pharmacogenetic aspects of 

these tests. 

Principles And Techniques of Genetic Testing 

Genome study is one of the emerging specialties in general, and in the 

medical field in particular. Over the time, human genome investigations have 

made remarkable progress at the levels of diagnosis, prevention and 

treatment. 

Back in the past, genetic analyses began with conventional cytogenic 

techniques where it was reported that the number of human chromosomes 

was 48 and continued until 1956 when Tjio and Levan corrected that 

misconception, the number of the chromosomes was 46. [5] Then, peripheral 

leucocyte culture method was combined with the fixation and staining 

methods that paved the way for the identification of chromosomal 

dysfunction related to congenital abnormalities. [6] Three years after 

discovering the correct number of chromosomes, the same scientists 

described genetic imbalances in both chromosomes (Down syndrome, 

trisomy 21), and sex chromosomes (Turner syndrome, monosomy X: and 

Kleinfelter syndrome, XXY). [7-9] In 1966, genetic analysis evolved further 

into possible sampling of cells derived from amniotic fluid prior to the birth 

of the fetus through a procedure called "amniocentesis"; through which 

chromosomal abnormalities can be detected during embryonic life. [10] Ten 

years after the last development, chromosomal structural anomalies can be 

seen with high resolution using high-resolution banding technique by 

synchronized lymphocyte cultures. [11] Seeing chromosomal aberrations 

with high resolution opens the way for further progress in various genetic 

aspects, such as: knowing the genetic causes of numerous genetic syndromes 

(e.g., Cri-du-Chat syndrome), the possibility of a child being born with many 

embryonic anomalies in balanced genetic translocations in repeated 

abortions. In 1902, Poveri launched the theory of somatic mutations that 

explained the interconnectedness between cancer and chromosomal 

abnormalities, where it was shown that only one genetic mutation in the 

responsible proteins of cellular division and growth could cause cancer. [12] 

In 1982, genetic analysis progressed further and it became possible to 

identify chromosomal anomalies that needed accuracy exceeding 500 and 

1,000 bands, fluorescence in situ hybridization (FISH) that studied those 

anomalies at the molecular cytogenic base. [13] Contrary to the above, a 

group of scientists developed FISH technique where they used 

nonradioactive probe in direct and indirect ways to mark specific DNA 

sequences. [14] Later, many methodologies based on FISH technique were 

developed, for example: spectral karyotyping FISH (SKY-FISH), 

quantitative FISH (Q-FISH), fiber-FISH, heterochromatin-M-FISH, 

multicolor FISH (M-FISH), combined binary ratio labeling FISH (COBRA-

FISH), centromere-specific M-FISH (cenM-FISH). [15-21] 
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One of the most prominent roles played by diagnostic clinical FISH tests is 

the detection of subtelometric errors (deletion and duplication) that are 

directly responsible for mental disability and many congenital defects. 

Unfortunately, FISH techniques were not characterized by low cost and time 

saving. Therefore, array-based comparative genomic hybridization 

technique has been developed that has adopted the concept of comparing the 

hybridization between normal DNA and amplified tumor DNA in metaphase 

environment. [22-24] It enabled scientists to identify subtelometric errors 

with higher resolution. By contrast, the technique of comparing genome 

variation did not have the ability to detect the recessive disease genes, mosaic 

aneuploidy, uniparental disomy (UPD), or heterochromatic rearrangements. 

Because of this, it became inevitable that a higher resolution method would 

be developed and the result was the integration of SNB and CGH arrays. [25] 

The combined arrays technique is precisely superior 10 to 15 times than 

FISH technique, and the substrate is only DNA without needing metaphase 

chromosomes. [26] 

At the beginning of the 1990s, polymerase chain reaction (PCR) emerged, 

which revolutionized the world of molecular genome techniques and made 

it easier to make millions of copies of specific DNA sequences. [27] 

Restriction fragment length polymorphism (RFLP) and single-strand 

confirmation polymorphism (SSCP) are the most used methods for 

diagnosing genetic mutations, yet they were unable to identify all mutations. 

This was skipped by Maxam-Gilbert chemical sequencing technology, 

which relied mainly on the chemical modulation of DNA followed by 

division in certain bases. [28] The latter did not last long because it cannot 

handle long PCR fragments, and its chemical risks. Maxam-Gilbert chemical 

sequencing technique was quickly replaced by a manual Singer sequencing 

method that centered around the concept of dideoxynucleotide chain 

termination. [29] 

With the emergence of the Human Genome Project in the United States of 

America that demonstrated the entire sequence of the human genome and 

which in turn included about 25 thousand genes did not stop there. [30,31] 

The effect was extended to reveal new mutations associated with genetic 

diseases. Singer's manual technique was not commercial those developments 

in terms of cost and time which necessitated the development of a massively 

parallel sequencing (MPS) technique that opened the door for the diagnosis 

of many diseases, such as: malignant tumors, metabolic neurological 

diseases, and mental disability. [31] 

Clinical Applications of Genetic Testing 

As explained in the definition of genetic testing, it encompasses a broad 

spectrum of age groups. Genetic testing purposes also multiply to include 

crucial aspects in clinical medical applications, such as: prevention, 

diagnosis, and treatment. 

Diagnostic genetic tests are often performed to confirm a disorder in a patient 

with a clinical picture likely to return to a genetic disease. DNA-based 

technologies are now the prevailing techniques for diagnosing Duchene 

muscular dystrophy by detecting the deletion of dystrophin gene. [32] The 

result of DNA tests is the point between merely a genetic diagnosis or the 

continuation of a biopsy. 30% of Duchenne muscular dystrophy patients may 

have a negative result due to the fact that the technique used (DNA-based 

techniques) may not detect the deletion of Dystrophin gene. [32] This 

proportion of patients falls under the umbrella of heterogeneity of alleles, 

which means that there are many different mutations in the same gene and 

all lead to the same disease. [33]. For example: mutations in BRCA 1 and 

BRCA 2 genes are closely associated with breast and ovarian cancers. [34]. 

Also, patients with thyroid medullary carcinoma with mutations in the 

oncogene RET shows that cancer is part of MEN-2. 85% to 95% of relatives 

of thyroid medullary carcinoma patients have positive results by testing RET 

oncogene mutations. [35-37] On the other hand, genetic disorders can occur 

as a result of only one mutation in specific genes, such as in sickle cell 

anemia, where a particular single mutation in the beta-globulin gene ensures 

that adult hemoglobin converts to hemoglobin S. [38] Usually, the genetic 

diagnosis of this disease is done through hemoglobin electrophoresis as can 

the use of DNA-based techniques. However, DNA-based techniques have 

the added advantage of being diagnostic in the prenatal period. [39] 

In terms of chromosomal disorders diagnosis where the defect is in the form 

of translocation, deletion, duplication, loss of chromosomal segment, 

presence of additional chromosome, or rearrangement of chromosomes, 

genetic cytogenic tests are optimal. [40,41] FISH and fluorescent DNA 

probes technique related to it enables investigator to identify chromosomal 

micro-mutations and deletions, such as: 22q11 deletion syndrome which 

cause congenital heart disease, learning difficulties, and palate anomalies. 

[42-44] 

In addition to the diagnostic value, genetic tests offer a prognostic benefit for 

genetic diseases. When genetic pathogenic mutations are detected in a family 

member, the rest of the household is likely to be at a different risk of 

developing the disease. This allows for preventive action. This concept is 

clearly in the case of mutations in the oncogene RET that lead to thyroid 

medullary carcinoma. The presence of these genetic mutations requires 

direct testing of other family members and thyroidectomy in those who share 

the genetic mutation with the original patient. [45,46] Also, the offspring of 

Huntington’s disease patients (autosomal dominant disorder causing motor 

and mental illness) are recommended to conduct genetic tests. Because there 

are mutations related to the disease, children are 100% susceptible to 

Huntington. [47] Unfortunately, until now there are no precautionary 

measures for this category. A pre-test consultation is therefore required to 

avoid negative psychological and societal effects. [47] In addition to medical 

reasons, genetic tests can be performed for personal decisions related to 

having children. In the case of autosomal recessive and X-linked diseases, 

the role of genetic testing is to identify the cases of carrier state. The 

incidence of genetic diseases varies depending on the type of defect. In 

autosomal recessive diseases (e.g.sickle cell anaemia) the rate of inheritance 

of the disease to the offspring is 25% provided that both mother and father 

are carriers of the disease. In the case of X-linked recessive disorders, carrier 

women can inherit 50% of each son. The precaution that can be followed 

when confirming a carrier state in the parents is to council them with the 

need for prenatal genetic testing that entails making a decision towards such 

pregnancy. 

Doctors usually note that patients' response to the drug is different, some 

appear to respond at odds with expectations, and others may experience 

severe side effects. [48] We can attribute this variation among patients to the 

genetic factor, the enzymes responsible for drug metabolism, and lifestyle. 

Cytochrome P450 is an enzyme containing heme responsible from 

metabolizing many compounds inside and outside the body. [49,50] 

Although it is controlled by approximately 57 cytochrome genes, CYP3A4, 

CYP2D6, and CYP2C9 are the most prominent ones in drug metabolism. 

[51] Cytochrome P3A5 is a component of the Cytochrome P3 group and is 

present in the kidneys, intestines, prostates, and liver. Also, it plays a 

reductive role in drug metabolism, so it can lead to varying responses among 

patients. [52] In the other hand, CYP2C9 and CYP2C19 genes act as an 

enzyme inhibitor leading to a declining metabolism of a range of drugs 

including sulfonyluria, warfarin, and phenytoin. The expression of these 

genes in some patients calls for reducing the doses of drugs affected by them, 

especially, warfarin whose accumulation leads to serious adverse 

consequences. [53] 

Drug genetics play a pivotal role in the metabolism of many drugs, for 

example: azathioprine is an immunosuppressant used to treat autoimmune 

diseases and in organ transplantation. An enzyme thiopurine S-

methyltransferase (TBMT) is responsible for his metabolism, which is made 

up of three non-functional alleles TPMT*2, TPMT*3A, and TPMT*3C. The 

prevalence of these alleles varies according to the ethnic group as the latter 

is the most prominent among Africans, while the second is the most common 

among Caucasians. [54] In cases of kidney transplant, these alleles can be 

associated together with azathioprine -related marrow suppression, but the 

category of patients with TPMT*3A high expression are subjected to life-

threatening marrow failure. This requires reducing the dose of azathioprine 

when used for kidney transplant patients of Caucasian ethnicity. [55] 
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Also, asthma patients with mutations in 5-lipoxygenase-promoter region 

show a weaker response to lipoxygenase inhibitors. [56] The same concept 

applies to anti-hypertension, especially ACE inhibitors. Some patients with 

ACE insertion/deletion mutations have shown therapeutic responses 

different from those of patients they lack. [57] However, knowing the 

patient's pharmacogenetic and its association with the pharmacokinetic has 

become a given that must be considered to detail the drug at a dose that gives 

the best results with the least possible side effects. 

Ethical Consideration of Genetic Testing 

Since genetic tests will not stop at the point of confirming a diagnosis, but 

will go beyond to influence preventive and personal medical decisions, it is 

essential to provide comprehensive counselling to individuals or families 

who will undergo such tests. When genetic counselling is related to the 

development of clinical therapeutic plans, recommendation-based genetic 

counselling is the most appropriate. [58] If genetic testing has to be repeated 

here, no genetic counselling is required every time. However, genetic 

counselling is better not directed (i.e. the patient's ownership of all aspects 

of the disease that help him or her to make the appropriate decision of his or 

her own volition without giving recommendations), in cases of childbearing, 

and untreatable diseases. [59,60] Before taking the patient's consent to a 

genetic test, it is necessary to take into account the psychological, familial, 

and social effects that may result from it and to take the necessary 

precautions towards them. [61] In addition to the trade-off between the 

predictive value of the genetic test and its negative effect. 

Conclusion 

Since its emergence to the present day, genetic testing plays an essential role 

in many clinical aspects that include diagnosis, prevention and treatment. 

Development continues in genetic analysis as required by the latest genetic-

related issues. 
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