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Do we really need genetic tests in current clinical practice?
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Editorial

Currently there is an increased number of genetic 
tests available for disorders produced by chromo-
somal or gene abnormalities. Some genetic tests 
are recommended by healthcare providers, but 
some of them are represented by direct-to-con-
sumer genetic testing, therefore knowing the ap-
plications and limitations of these tests is useful.

Cytogenetic investigation in the diagnosis 
of chromosomal syndromes and leukemia

Cytogenetic analysis used to be considered the 
gold-standard diagnostic tool to study chromo-
somal abnormalities (numerical and structural) 
in chromosomal disorders and in hematologic 
malignancies for a long time. Cytogenetic fol-
lowed by karyotyping gives us a view of the en-
tire genome, but at a low resolution (≤ 5Mb) and 
we may visualize individual cells and individual 
chromosomes.
Cytogenetic analysis of peripheral blood at 72 
hours of cultures should be performed in cas-
es suspected of chromosomal disorder, while 
cytogenetic analysis of bone marrow at 24 and 

48 hours of short-term cultures should be per-
formed in leukemia. For evaluation of chromo-
some number and morphology, GTG banding 
(G-banding by using trypsin for digestion and 
Giemsa staining) should be applied. At least 20 
metaphases should be counted and karyotypes 
should be reviewed in compliance with the latest 
International System for Cytogenetic Nomencla-
ture (ISCN) recommendations (1).
Some rather pessimistic people considered cyto-
genetics to be outdated, but the reality is differ-
ent. The use of cytogenetic analysis especially 
in hematologic malignancies has allowed iden-
tification of an increased number of recurrent 
numerical and structural chromosomal abnor-
malities. The 2016 World Health Organization 
(WHO) classification of myeloid neoplasms and 
acute leukemia reinforced the value of genetic 
testing, including cytogenetic (2). In addition, 
the 2017 European Leukemia Net (ELN) rec-
ommendations for diagnosis and management of 
acute myeloid leukemia (AML) emphasized the 
importance of genetic investigation results (cy-
togenetic and molecular technologies) for risk 
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stratification of patients with AML by genetics 
(3). Moreover, Döhner et al. considered that cy-
togenetic investigation remains mandatory in the 
evaluation of patients suspected of having AML.
Unfortunately, cytogenetic analysis may be per-
formed on mitotic cells and it is time-consuming.

Fluorescent in situ hybridization (FISH)

FISH is a molecular cytogenetic method that 
may be performed on interphase cells, it has a 
higher resolution that cytogenetic test (~100 kb 
to 1 Mb) and allows detection of chromosomal 
aberrations that cannot be identified by cytoge-
netic analysis (for example microdeletion or mi-
croduplication, balanced translocations) or when 
mitotic cells are not available for chromosomal 
analysis. Also, the FISH technique may be used 
to detect aneuploidies and balanced transloca-
tions associated with fusion genes, which are 
recurrent in acute and chronic myeloid leukemia 
(AML and CML). This method involves the hy-
bridization of a given fluorescent probe (fluores-
cently labelled specific DNA sequence probe) 
with patient sample (DNA), followed by micro-
scopic analysis for investigation of the presence, 
loss, gain of a chromosomal region).
There is an increased number of different types 
of fluorescent probes (FISH probes) that may be 
applied for molecular characterization: paint-
ing probes, locus specific probes (for example 
BCR/ABL dual color, dual fusion transloca-
tion probes; break apart probes; subtelomeric 
probes), centromeric probes. FISH analysis al-
lows a better description of changes identified by 
banding cytogenetics, as well as the discovery 
of new cryptic aberrations (deletion, duplication, 
fusion gene) (4).
The FISH method is also used for confirmation 
of the origin/ prove nance of small supernumer-
ary marker chromosome (sSMC) identified by 
cytogenetic testing (5).

Array comparative genomic 
hybridization: array-CGH and SNP 
array

Array CGH compares the patient’s genome 
against a normal control genome (reference) and 
enables identification of structural aberrations 
such as copy number variations (CNVs, CNV 
is segment of DNA bigger than 1000 bases or 
1Kb which is present in a variable number of 
copies in comparison with standard DNA) or 
chromosomal imbalances. Array-CGH allows 
the screening of the entire genome, at a high res-
olution, thus being a useful tool in cases unex-
plained by karyotyping/ FISH, and also in AML 
patients with a complex karyotype and plays 
an important role in the accurate description of 
chromosomal anomalies (4).
Array-CGH has some limitations because it 
cannot detect balanced chromosomal rearrange-
ments (such as balanced translocations, recipro-
cal insertions, inversions), point mutations, also 
it cannot identify chromosomal copy number 
changes, either gains or losses in regions of the 
genome that are not covered by the array, and 
cannot give data about parental origins of aneu-
ploidies.

SNP array (Single nucleotide polymorphism 
array) is used to identify the presence of SNPs 
(a SNP being described as a variation in one nu-
cleotide that occurs at a specific position in DNA 
sequence) among individuals. SNP array tech-
nique is similar to that of the array CGH but it is 
based on the investigation of thousands of SNPs.
SNP array may be useful for identification of 
both CNVs and LOH (loss of heterozygosity), 
but also for detection of copy-neutral LOH (also 
known as uniparental disomy) and it should be 
considered in cases with syndromic or non-syn-
dromic disorders that may be caused by a ge-
nomic copy number imbalance, and may also 



Revista Română de Medicină de Laborator Vol. 27, Nr. 1, Ianuarie, 2019 11

allow to identify the parental origin of aneuploi-
dies. SNP array allows identification of several 
recurrent genetic abnormalities and gene muta-
tions in hematologic malignancies.

PCR (Polymerase chain reaction)-based 
techniques

PCR is one of the most used and well-known 
methods in molecular biology for research but 
also for disease diagnosing. There are common 
PCR methods that can be used such as: nested 
PCR, PCR-RFLP, ARMS-PCR, RT-PCR, re-
al-time PCR, etc.

Polymerase chain reaction – restriction frag-
ment length polymorphism (PCR-RFLP)
In addition to PCR, for PCR-RFLP digestion 
with restriction enzyme is needed, and the ob-
tained restriction fragments (FR) are separated 
based on their lengths by the aid of agarose gel 
electrophoresis. SNPs or Insertion/ Deletion 
(InDel) may abolish or lead to a new restric-
tion endonuclease recognition sites, therefore it 
may affect the quantity and the length of DNA 
fragments resulting from restriction enzyme di-
gestion. PCR-RFLP is frequently used in geno-
typing, for hereditary disease diagnostics, etc. 
For example, PCR-RFLP method was used for 
identification of point mutation (N370S, L444P, 
84GG, R463C) in GBA gene that results in Gau-
cher disease (6). MDR1 (or ABCB1) gene poly-
morphisms C1236T, G2677T, and C3435T were 
genotyped by PCR-RFLP techniques to inves-
tigate the association between the mentioned 
SNPs and antiepileptic drug concentrations and 
treatment response (7), clinical course of pedi-
atric pulmonary arterial hypertension (8), and 
gastric lesions (9). Furthermore, the PCR-RFLP 
method was applied for analyzing the interleu-
kin-6 SNPs and their correlations with patients’ 
sepsis risk and severity in adult patients (10) for 

glutathione S-transferase (GST) SNPs in prema-
lignant gastric lesions risk (11) and for investiga-
tion of the impact of CYP2C19 polymorphisms 
in platelet response to clopidogrel (12) and on 
severity of gastric lesions (9).
Nested PCR technique is a variant of PCR that 
increases the specificity and efficiency of the de-
sired amplicons by using two pairs of PCR prim-
ers (outer primers and nested primers).
Amplification-Refractory Muta tion System - 
Polymerase chain reaction (ARMS-PCR) anal-
ysis is a simple method used to identify single 
base pair mutations. Nested PCR and ARMS-
PCR were routinely used for investigation of 
c.35delG and pW24X mutations in GJB2 gene 
179 children with non-syndromic hearing loss 
(NSHL) (13).
Multiplex-PCR technique is a fast method that 
allows simultaneous amplification of different 
DNA sequences (targets) in a single PCR tube. 
Multiplex-PCR may be used for SNP genotyp-
ing, mutation analysis, gene deletion analysis. 
For example it was applied for detection of 
del(GJB6-D13S1830) and del(GJB6-D13S1854) 
in GJB6 gene in 179 Romanian NSHL children  
(13).
Reverse transcriptase polymerase chain reaction 
(RT-PCR) is used to detect the level of RNA tran-
scripts. RT-PCR may also be utilized for quan-
tification of RNA by incorporating quantitative 
real-time PCR. Therefore, real-time RT-PCR is 
widely used in hematological malignancies. For 
example, real-time RT-PCR was used for identi-
fication of fusion gene transcripts (E2A-PBX1, 
MLL-AF4, TEL-AML1, BCR-ABL1, SIL-TAL1) 
for residual disease detection in children with 
acute lymphoblastic leukemia (ALL) (1).

Multiplex ligation dependent probe 
amplification (MLPA)

MLPA is a method that allows to identify ab-
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errant copy numbers in up to 60 specific DNA 
sequences by using one PCR primer pair and 
performing a PCR reaction. MLPA may be used 
for the detection of exon deletions/duplications 
in different human genes, detection of aneuploi-
dies (such as trisomy), for detection of a known 
point mutation (14), DNA methylation analysis 
for methylation profiling. MLPA may be ap-
plied for characterization of chromosomal ab-
normalities in tumor samples (http://www.mlpa.
com). For example, MLPA is useful for inves-
tigation of the presence of large genomic rear-
rangements (deletions, duplications) in breast 
cancer patients (15).
Recently, it has been showed that MLPA is a 
valuable and fast method for identification of or-
igin of sSMC identified by cytogenetic analysis 
in patients with devel opmental delay and con-
genital anomalies (congenital hearts defects) (5).

Sanger sequencing

Sanger sequencing is considered the “gold-stan-
dard” of DNA sequencing techniques. It is a 
“first-generation” DNA sequencing and rep-
resents an invaluable method in any clinical ge-
nomics laboratory because it is widely used for 
validation of next-generation sequencing results. 
In fact, it is a targeted sequencing method that 
uses oligonucleotide primers to search specific 
DNA sequences and provides an extensive mu-
tational profiling of many genes of interest. One 
limitation of Sanger sequencing is represented 
by the fact that it is unable to detect mosaic al-
leles below a threshold of about 20%. 
Sanger sequencing may be used for confirma-
tion of point mutation identified through MLPA 
analysis (14). The application of target sequenc-
ing revealed in exon 4 of NIPAL4 gene a homo-
zygote missense mutation, namely c.527C>A 
that led to Alanine-to-Aspartic acid substitu-
tion [NM_001099287.1(NIPAL4):c.527C>A 
(p.Ala176Asp)] (16). The mutation was reported 

to be pathogenic and to be associated with auto-
somal recessive congenital ichthyosis 6, ARCI6, 
OMIM 612281.
Sanger sequencing is largely used for the iden-
tification of somatic or germline mutations in 
cancer. In this respect, a new, robust, fast and 
cost-effective protocol for sequencing mismatch 
repair (MMR) genes was recently developed 
by Negura et al. (17). Hereditary Nonpolypo-
sis Colorectal Cancer (HNPCC), also known as 
Lynch syndrome, is mainly attributable to germ-
line mutations in the MSH2, MSH6, and MLH1 
genes. The one plate system proposed will allow 
to personalize molecular oncogenetic diagnosis 
in Lynch syndrome in Romania (17).

Next-generation sequencing (NGS)

NGS is a new, high-throughput technology that 
allows rapid sequencing of the base pairs in DNA 
or RNA samples. In fact, NGS is a massively 
parallel sequencing technology and therefore is 
faster and cheaper than first-generation DNA se-
quencing. NGS allows whole-genome sequenc-
ing (WGS), whole-exome sequencing (WES), 
and investigation of a set of genes or specific ge-
nomic regions of interest (gene panel). Therefore, 
NGS is a priceless tool as it allows sequencing 
of thousands of genes in a single test and con-
comitantly identification of substitutions, small 
indels, copy number variations (CNVs), single 
nucleotide variants (SNVs). NGS may be used 
for molecular analysis, aneuploidy detection, 
gene expression profiling, detection of epigene-
tic changes (such as transcriptome sequencing or 
methylome sequencing).
A multigene panel (that allowed the analysis 
of the following genes ATM, BARD1, BLM, 
BRCA1, BRCA2, BRIP1, CDH1, CHEK2, FA-
M175A, MEN1, MLH1, MRE11A, MSH2, MSH6, 
MUTYH, NBN, PALB2, PMS2, PTEN, RAD50, 
RAD51C, RAD51D, STK11, TP53, XRCC2) was 
used for investigation of 80 Romanian patients 

http://www.mlpa.com
http://www.mlpa.com
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with breast cancer. More than 50% of the mu-
tations identified by NGS technology in Roma-
nian female patients was localized in the BRCA1 
and BRCA2 genes, the rest being found in genes 
CHEK2, PALB2, ATM and TP 53, but no patho-
genic variants were identified in PTEN, STK11, 
and CDH1 genes (15).
A new assay to identify recurrent mutations in 
one region of DNMT3A, one region of IDH1, 
one region of FLT3, two regions of IDH2, and 
5 regions of RUNX1 in AML using next-gener-
ation sequencing was previously developed by 
Coriu et al. (18). The assay proposed by Coriu 
et al. was reported to be more cost-efficient and 
with a higher sensitivity of mutation detection 
than Sanger sequencing, it was supposed to be 
useful for quantification of mutation minimal 
residual disease (MRD) and it also allowed risk 
stratification of AML cases with normal karyo-
type (18).
In summary, genetic testing may represent a use-
ful tool for diagnosis, monitoring of disorder in 
certain situations, such as a clinical suggestive 
phenotype for a genetic disorder or a specific 
type of malignancy or minimal residual disease. 
Unfortunately, some of them (i.e. sequencing 
techniques) are rather costly to be used for rou-
tine clinical practice.
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