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RESUMO 

Introdução: A tecnologia de citogenética molecular de hibridização in situ fluorescente (FISH) permite a identificação de alterações 
cromossômicas submicroscópicas em doenças congênitas. A síndrome de deleção 22q11.2 é uma das doenças genéticas mais 
frequentes no ser humano e tem um fenótipo clínico muito amplo e variável, o que dificulta o diagnóstico clínico. Embora tenha 
a possibilidade de identificação de alterações submicroscópicas usando array-CGH, multiplex ligation-dependent probe amplification 
(MLPA) e cromossomos artificiais bacterianos (BACs)-on-beads, as sondas para FISH ainda são utilizadas para diagnosticar ou 
confirmar os resultados dessas técnicas. Objetivo: O objetivo deste estudo foi estabelecer a técnica de produção de sondas de ácido 
desoxirribonucleico (DNA) para FISH para o diagnóstico de deleção 22q11.2, com custos reduzidos para os sistemas de saúde pública. 
Material e métodos: O desenvolvimento interno de ensaios de sondas para FISH consiste em vários processos sequenciais. Inicialmente, 
os BACs foram identificados e selecionados; depois foram cultivados e, posteriormente, o seu DNA foi extraído e amplificado. Os DNAs 
amplificados foram marcados com fluorocromos pela técnica de Nick-translation. Após o desenvolvimento das sondas, foi efetuada a 
validação em amostras de controle normais e em amostras alteradas. Resultados e conclusão: Em amostras normais, conseguimos 
93,55% de sensibilidade, 99,2% de especificidade e 99,8% de eficiência. Essas sondas fabricadas custaram 8,5 vezes menos do que 
as sondas comerciais.

Unitermos: síndrome de DiGeorge; hibridização in situ fluorescente; sondas moleculares.

ABSTRACT 

Introduction: The molecular cytogenetic technology of fluorescence in situ hybridization (FISH) allows the identification of submicroscopic 
chromosomal alterations in congenital diseases. The 22q11.2 deletion syndrome is one of the most frequent genetic diseases in humans, and 
has a very broad and variable clinical phenotype, which difficults the clinical diagnosis. Although it has the possibility of submicroscopic 
changes identification using array-comparative genomic hybridization (CGH), multiplex ligation-dependent probe amplification (MLPA) and 
bacterial artificial chromosomes (BACs)-on-beads; FISH probes are still used to diagnose or confirm the results of these techniques. Objective: 
The present study aimed to establish the technique of manufacturing DNA probes for FISH for the diagnosis of 22q11.2 deletion with reduced 
costs for the public health systems. Material and methods: In house development of FISH probe assays consists of several sequential processes. 
Initially the BACs were identified and selected, then they were grown, and, afterwards, their DNA was extracted and amplified. The amplified 
DNAs were labeled with fluorochromes by Nick-translation technique. After probes development, the validation was performed on normal 
control samples and on altered samples. Results and conclusion: On normal samples, we achieved 93.55% of sensitivity, 99.2% of specificity 
and 99.8% of efficiency. These manufactured probes cost 8.5 times lower than the commercial ones.

Key words: DiGeorge syndrome; in situ hybridization fluorescence; molecular probes.
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INTRODUCTION

The 22q11.2 deletion syndrome presents a broad and 
variable clinical phenotype, characterized by facial dysmorphia, 
immunodeficiency, congenital cardiac alterations, palate 
malformations and endocrine alterations. Also known as DiGeorge 
syndrome (OMIM*188400) and velocardiofacial syndrome 
(OMIM*192430), it is associated to high rates of clinical and 
psychiatric comorbidities, as well as cognitive deficit(1).  Moreover, 
it is currently considered as the most associated genetic syndrome 
with schizophrenia(2). It is one of the most frequent genetic diseases 
in humans, presenting an estimated frequency of 1 in every 3,000 
to 4,000 live births(3). It is important to notice that its frequency 
may vary according to the studied sample and to the technique 
employed for detecting this alteration(4). Due to the difficulty in 
diagnosis, some patients only receive the syndrome confirmation 
during adulthood, or as part of the diagnostic follow-up of a 
family member more severely affected(5). The early detection of 
this syndrome is of fundamental importance to assure a precise 
diagnosis to the patients and their families, indicating the most 
appropriate therapy and preventing aggravations.

In spite of the possibility of chromosome identification 
microdeletions through array-comparative genomic hybridization 
(CGH), multiplex ligation-dependent probe amplification 
(MLPA) and bacterial artificial chromosomes (BACs)-on-Beads 
techniques, fluorescence in situ hybridization (FISH) probes are 
still being employed for diagnosis or as a results confirmation 
technique(6, 7). Commercial probes for the 22q11.2 deletion have 
a detection capability of about 85% of 3 Mb deletion cases(3) and 

usually consist of one probe which hybridizes on a syndrome 
region associated to TUPLE1 (HIRA) 22q11.2 and another one 
which hybridizes on a control region.

The FISH technique is used to identify the presence and 
location of specific regions of the genome. It employs genomic 
desoxyribonucleic acid (DNA) probes which are directly labeled 
(with fluorochromes) or indirectly (using haptens)(8). Due to 
several advantages regarding the karyotype, the FISH technique 
has gradually been seen as a complementation to the traditional 
chromosomes analysis. In clinical cytogenetics, FISH is applied on 
prenatal and postnatal diagnosis and on numeric and structural 
chromosomal alterations detection, on genic loci mapping and 
on revealing cryptic alterations(9). Because of the wide diffusion of 
cytogenomic techniques in the last few years, FISH has also been 
used for confirmation and clarification of array-CGH and single 
nucleotide polimorphism (SNP)-array results(10-13).

Although there is a wide range of FISH probes on the 
market worldwide, due to their high cost and to the possibility 
of innovation, manufactured homebrew probe assays are still 
employed(3). These kinds of probes are commonly developed from 
clones of BACs that consist of plasmids of Escherichia coli, which 
contain fragments of specific sequences of human DNA (insert) 
and an antibiotic resistance gene. 

In Brazil, the high commercial cost of FISH probes has 
intensely limited its use for diagnosis in the public health system, 
in which this methodology is still not routinely available. Thus, 
mastering FISH probes development represents a technological 
advance for gold standard diagnosis more accessible. Because 
of that, it is possible to offer patients a more appropriate and 

RESUMEN 

Introducción: La tecnología de citogenética molecular de hibridación in situ fluorescente (FISH) permite la identificación de 
alteraciones cromosómicas submicroscópicas en enfermedades congénitas. El síndrome de deleción 22q11.2 es una de las 
enfermedades genéticas más frecuentes en el ser humano y tiene un fenotipo clínico muy amplio y variable, lo que dificulta el 
diagnóstico clínico. Aunque es posible identificar alteraciones submicroscópicas utilizando array-CGH (hibridación genómica 
comparada por microarreglos), amplificación de sondas dependiente de ligandos múltiples (MLPA) y cromosomas artificiales 
bacterianos (BACs)-on-beads, las sondas FISH todavía se utilizan para diagnosticar o confirmar los resultados de estas técnicas. 
Objetivo: El objetivo de este estudio fue establecer la técnica de producción de sondas de ácido desoxirribonucleico (ADN) FISH 
para el diagnóstico de deleción 22q11.2, con costos reducidos para los sistemas de salud pública. Material y métodos: El desarrollo 
interno de ensayos de sonda para FISH consta de varios procesos secuenciales. Inicialmente, se identificaron y seleccionaron 
BACs; luego se cultivaron y, posteriormente, se extrajo y amplificó su ADN. Los ADN amplificados se marcaron con fluorocromos 
utilizando la técnica de Nick-translation. Después del desarrollo de las sondas, se realizó una validación en muestras de control 
normales y en muestras alteradas. Resultados y Conclusión: En muestras normales, logramos una sensibilidad del 93,55%, una 
especificidad del 99,2% y una eficiencia del 99,8%. Estas sondas fabricadas cuestan 8,5 veces menos que las sondas comerciales.
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direct genetic counseling, besides providing epidemiologic data 
collection for future studies. Apart from application of FISH 
methodology on diagnosis, manufacturing these probes provides 
a wide range of possibilities to cytogenetic research, such as the 
opportunity to develop new products which are not available on 
the market, or yet, to customize some already existent products 
according to our demands. Thus, this study aims to develop and 
validate homebrew FISH probes for 22q11.2 deletion syndrome.

MATERIAL AND METHODS

Samples

For the sensitivity, specificity and efficiency analysis of the 
developed probes, we employed twenty normal samples (negative 
controls) of healthy volunteer donors, students and employees 
of Universidade Federal de Ciências da Saúde de Porto Alegre 
(UFCSPA). The collection of 4 ml of peripheral blood was performed 
in a proper collection tube. These samples were used only for 
developed probes validation, the risk to donors was only associated 
with the blood collection itself. The positive control was obtained 
from a sample of a patient with 22q11.2 deletion, previously 
diagnosed using a commercial probe, from the Hospital da Criança 
Santo Antônio (HCSA). No patient information was provided, apart 
from syndrome confirmatory results, thus maintaining anonymity. 
This research was approved by the Research Ethics Committee of 
both institutions (2.348.732/1.871.676).

Choice of the clones

The DNA sequences or interest genes were obtained in the UCSC 
Genome Browser (https://genome.ucsc.edu) according to human 
species, hg19 assembly. For tagging of TUPLE1 (HIRA) gene on 
22q11.21 region, we selected RP11-1057H19 clone and RP11-825H3 
clone on 22q13.33 region (Figure 1) for control, both present in 
the BAC End Pairs Library, acquired from the company BACPAC 
Resources Center (https://bacpacresources.org/).

We created and acquired specific primers for each 
sequence according to what follows: RP11-1057H19, 

5’-CAACATCACCCTGACACCAA-3’ (forward) and 
5’-CCACCACGCCAAGCTAAT-3’ (reverse); RP11-825H3, 
5’-AAACGTCTCACCGAGTTGAC-3’ (forward) and 
5’-GGAGGATAAAGCAGGAGAAATGA-3’ (reverse) using a sequence 
of 600 bp of each clone with the PrimerQuest Tool of   Integrated 
DNA Technologies (https://www.idtdna.com/Primerquest/Home/
Index). We selected primers which had around 20 bp each, and that 
generated fragments of 200 to 500 bp, with a guanine and cytosine 
content of 45%-55%, and melting between 54°C and 60°C (Table). 

BACs cultivation

The acquired clones were cultivated overnight at 37°C in a 
bacteriologic incubator, in 100 ml of LB Agar 3.5% (Affymetrix, Santa 
Clara, CA) with chloramphenicol at 34 µg/ml. After cultivation, four 
to eight single isolated colonies of medium size were selected, and 
were put into individual cultivations containing 3 ml of LB Broth 
2% (Affymetrix, Santa Clara, CA) with chloramphenicol at 34 µg/ml. 
The remaining material of each colony was employed for inserts 
verification step by polymerase chain reaction (PCR). 

DNAs extraction and amplification

Only the colonies that obtained specific sequence confirmation 
by PCR were employed to probe development. After single colonies 
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TABLE – BAC clones and primers description
Probe locus BAC bp Specific primer sequence mT C/G
del22q 22q11.21 RP11-1057H19 332 F: 5’-CAACATCACCCTGACACCAA-3’ 55.2°C 50%

M: 5’-CCACCACGCCAAGCTAAT-3’ 55.6°C 55.6%
del22q 22q13.33 RP11-825H3 267 F: 5’-AAACGTCTCACCGAGTTGAC-3’ 55°C 50%

M: 5’-GGAGGATAAAGCAGGAGAAATGA-3’ 54.4°C 43.5%
BAC: bacterial artificial chromosomes; bp: base pairs; mT: melting temperature; C/G: citosine/guanine rate.

FIGURE 1 – BAC clones localization at chromosome 22

BAC: bacterial artificial chromosomes.
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overnight growth in LB Broth, its DNA was extracted using QIAmp® 
DNA Mini Kit (Qiagen, Venlo, Netherlands), and quantified in 
agarose gel. The DNAs with the highest quantity and quality 
were selected and amplified with REPLI-g® Mini Kit (Invitrogen, 
Carlsbad, CA). After amplification, the DNAs were again quantified 
in agarose gel.

DNAs labeling and precipitation

DNAs fluorescence labeling was performed by Nick-translation 
(Abbott, Chicago, IL), with around 1 µg of DNA amplified. DNAs 
and specific reagents were incubated in Veriti 96-Well Thermal 
Cycler (Applied Biosystems, Foster City, CA) during 14 h at 15°C, 
and, afterwards, remained for 10 min at 70°C. The RP11-1057H19 
DNA was labeled with Red-dUTP (Abbott), and the RP11-825H3 
DNA was labeled with Green-dUTP (Abbott). The labeled DNAs 
were individually mixed to Salmon Sperm® DNA (Invitrogen), 
Human Cot-1® DNA (Invitrogen), 3 M sodium acetate and 
absolute ethanol. These mixtures remained for 1 h at -85°C, 
after which they went through centrifugations with 70% alcohol 
for pellets washing. The pellets drying at room temperature. 
The precipitated material was dissolved in tDenHyb-2 Solution® 
(Insitus, Albuquerque, NM) – after this step, the probes were ready 
to be applied to samples on slides.

Samples culture and processing

The blood samples went through a 72 h growth in PB-MAX® 
Karyotyping Medium (ThermoFisher Scientific, Waltham, MA) 
in a CO

2
 incubator at 37°C. After culture, Colcemid® solution 

(ThermoFisher Scientific) was added to the samples for 20 min 
and after centrifugation supernatants materials were removed and 
potassium chloride (KCl) was added at 37°C for the hypotonic 
shock. After 15 min, the hypotonic solution action was interrupted 
with Carnoy’s fixative solution (3 methanol: 1 glacial acetic acid). 
The samples pellets were centrifuged and washed with this solution 
and, afterwards, were placed at -8°C and stored on slides. 

Pre-treatment, hybridization and post-washing

The previously prepared slides had gone through washes with 
sodium citrate, pepsin solution, phosphate buffered saline solution 
(PBS) and formaldehyde solution. Then, they were dehydrated on 
increasing ethanol concentrations. Once this step was concluded, 
the hybridization process was initiated. For each slide, 1.5 µl of 
each labeled probe was mixed to 1 µl of tDenHyb-2 Solution® 
(Insitus), this mixture was covered by a coverslip which was sealed 
with rubber cement (Elmer’s, Atlanta, GA). After the cement was 

fully drying, the slides were incubated at 85°C for 10 min to DNAs 
co-denaturation. The slides materials were hybridized in a humid 
chamber at 37°C for 18 to 44 h. After the hybridization period, 
the slides were washed in sodium citrate and Tween-20 (Sigma-
Aldrich, St. Louis, MO) solutions, and, afterwards, in solutions 
containing only sodium citrate. Following this process, DAPI 
counterstain (4’,6-diamidino-2-fenilindol) (Abbott) was applied 
and a coverslip was placed on it. 

Analysis and validation

Analysis was performed on fluorescence microscope Axio 
Imager Z2 (Zeiss, Oberkochen, Germany) and the photographic 
registers were created using Isis® (MetaSystems, Altlussheim, 
Germany). The cell counting, performance testing and probes 
validation criteria followed the recommendations of The AGT 
Cytogenetics Laboratory Manual(3), and were performed by two 
trained analysts. The cells were evaluated with Green-49303 
(Chroma, Bellows Falls, VT) and Orange-49305 (Chroma) 
filters for individual probes detection. We used triple filter DAPI/
FITC/TexasRed-61002 (Chroma) for development set probes 
visualization. For normal cells two green signals and two red signals 
were expected and two green and one red signal (Figure 2) for 
the abnormal. Analyzed data were registered and used to perform 
developed probes sensitivity, specificity and efficiency evaluation. 
To sensitivity calculation, we counted 4,000 interphases in 

FIGURE 2 – FISH del22q11.2 probe signals standard in metaphase and interphase at 
normal and abnormal cells

FISH: fluorescence in situ hybridization.

Metaphase

Metaphase

Interphase

Interphase

Signals standard at 
normal cell: two red 
signals and two green 
signals.

Signals standard at 
abnormal cell: one red 
signal and two green 
signals.
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20 normal samples – 200 interphases of each, considering standard 
green/red probe signals in each analyzed cell. To specificity 
calculation, we analyzed at least 100 metaphases in the 20 normal 
samples. To accurately guarantee the chromosomal location we 
used a tool from image capture Isis® (MetaSystems), called reverse 
DAPI, which facilitates chromosome identification based on the 
banding pattern adopted by conventional cytogenetics. Finally, 
the efficiency was according to hybridized analyzable cells percentage, 
among 4,000 cells counted as normal samples. In an abnormal 
sample, we analyzed 200 interphases and seven metaphases.

RESULTS 

Our developed probes detected the deletion at an abnormal 
sample; both in interphases (Figure 3A) as well as in metaphases 
(Figure 4A-B). We counted 4,000 interphases in the normal 

FIGURE 3 – FISH del22q11.2 probe signals standard in interphase at abnormal (A) and 
normal (B) cells 
FISH: fluorescence in situ hybridization.

FIGURE 4 – FISH del22q11.2 probe signals standard in metaphase at abnormal (A-B) 
and normal (C-D) cells 
FISH: fluorescence in situ hybridization.

samples and 3,786 presented the standard pattern (Figure 3B), 
resulting in a sensitivity of 93.55%. For each nuclei, the mean 
of expected signals was 187.1 (180-195). We also analyzed 125 
metaphases (Figure 4C-D), among which only one did not present 
the standard pattern signals, thus resulting in a specificity of 99.2%. 
From the 4,000 analyzed interphases, 3,991 presented hybridization, 
showing an efficiency of 99.8%. On average, from the 200 interphases 
analyzed by sample, 199.5 (196-200) hybridized.

DISCUSSION AND CONCLUSION

FISH probe assays can be applied on different genomic 
investigation studies. Even with the development of newer and 
high-resolution technologies, FISH alone or in association with 
other techniques remains to be used in the diagnosis of congenital 
diseases and neoplasms(14-17). Due to high costs of commercial 
probes in our country, we implemented FISH probes development 
in our laboratory.

Besides the technique implementation, we were able to reduce 
the probe cost per sample to a value of U$ 8.9 for homebrew probe 
instead of the original cost of U$ 76 per sample. In Brazil, another 
factor that affects the wide use of commercial probes is delivery 
time, and since there is no commercial manufacturer in our 
country, we must import these products form foreign countries 
with an arrival date of around 70 days.

During the technique implementation, we also developed 
other probes, including a set for fusion BCR-ABL1 (breakpoint 
cluster region-Abelson1) genes identification. At analysis, we 
observed unspecific signals regarding the BCR probe. Using the 
reverse DAPI tool, we observed that signals always appeared on 
the same chromosomes, and thus, using basic local alignment 
search tool (BLAST tool) (https://blast.ncbi.nlm.nih.gov/
Blast.cgi), we compared the clone sequence with other human 
sequences for verifying its specificity regarding the interest 
sequence. We confirmed the sequences compatibility of the clone 
with regions other than chromosomes 22. Therefore, we strongly 
suggest the inclusion of the clone sequence verification step in 
the BLAST tool prior to purchase of the clone. This step should 
be included in the protocols of any study that uses BACs that 
require similarity.

The next goals of our research group are the development 
of probes designed for the diagnosis of other chromosomal 
microdeletion syndromes such as Prader-Willi/Angelman, Williams-
Beuren and also for neoplasms diagnosis, including inv(16) 

Luiza Emy Dorfman; Patrícia Trevisan; Diego A. Paskulin; Maiara A. Floriani; Luiza Carolina R. Scherner; Naiane C. Bassani; Andressa S. Santos; Rafael F. M. Rosa; Paulo Ricardo G. Zen
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(p13.1q22), t(15;17)(q22;q12) that are frequent in acute myeloid 
leukemia.
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