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Exome Diagnostics

CeGaT's Exome:

Including  

genome-wide  

CNV analysis



Exome
Finding the genetic cause  
of rare diseases

CeGaT's ExomeXtra®  
includes:

• all protein-coding regions of the genome

• clinically relevant RNA genes

• > 38,000 intergenic and intronic positions associated 
with genetic disease according to ClinVar, HGMD, and 
internal databases

• high and uniform coverage of the entire mitochondrial 
genome to reliably detect different degrees of 
heteroplasmy

• pharmacogenetically relevant variants in selected 
genes

• backbone for genome-wide detection of copy number 
variants (CNVs)
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Exome
Exome diagnostics is the genetic testing approach of 
choice for patients with complex, heterogeneous, and 
unspecific symptoms. It supports physicians in stating 
a diagnosis, often after their patients have experienced 
years of uncertainty.

The exome comprises all protein-coding regions (exons) 
of the approximately 23,000 genes in the human genome. 
Although the exome accounts for only about 1-2% of the 
whole genome, about 89% of all known disease-causing 
variants are located within the exons. Whole exome 
sequencing allows the simultaneous analysis of genes in any 
combination. If the exomes of additional family members 
are also sequenced, as in trio exome diagnostics, an  
exome-wide segregation analysis can be performed. This 
approach significantly increases the chances of finding 
the genetic cause of complex phenotypes in a shorter time 
compared to genetic testing of small gene sets.

We are committed to identifying the genetic cause of 
disease for every patient. Therefore, we have developed 
an innovative diagnostic approach that goes beyond the 
possibilities of regular exome diagnostics: ExomeFocus® 
and ExomeXtra® (Single & Trio) offer an efficient solution for 
every patient scenario and family constellation.
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Detailed Side-By-Side Comparison of Our Different  
Diagnostic Products

Single 
ExomeFocus®

Focused and cost-efficient  
singleton analysis for fast 
results

Single  
ExomeXtra®

Whole exome diagnostics of 
all  clinically relevant genes

Trio 
ExomeXtra®

The most effective genetic 
test for patients with 
complex, heterogeneous, and 
unspecific symptoms 

Prenatal 
ExomeXtra®

Understanding genetic 
conditions prior to birth

Proprietary exome enrichment

✓ ✓ ✓ ✓

In-house data analysis and variant calling

✓ ✓ ✓ ✓

Reported variants of the ACMG classes

3/4/5 3/4/5 3/4/5 4/5

Variant classification with details on ACMG criteria and scale
✓ ✓ ✓ ✓

Manual gene selection for interpretation

✗ ✓ ✓ ✓

IVERP variants* 
✗ ✗ ✓ ✓**

VUS re-evaluation
✗ ✓ ✓ ✗

Costs

€ €€ €€€ €€€

Solving rate

* Accounting for variants in genes with known imprinting, variable expressivity and reduced penetrance.
** Prenatal diagnostics with conspicuous ultrasound findings.
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Extra Insightful Results
CeGaT combines human know-how with bioinformatic 
analysis. The in-house developed software generates data 
that are evaluated by multiple scientific experts – creating 
the best possible medical report. CeGaT’s interdisciplinary  
team of PhDs uses the most recent literature for data  
interpretation. Complex constellations are discussed with 
bioinformaticians, and the final report is revised by medical 
doctors and geneticists to maximize medical usability.

With the latest update of our ExomeXtra® enrichment, we offer you the most innovative 
solution in exome diagnostics. Designed to generate the most comprehensive sequencing 
data, our exome diagnostics provides an unmatched basis for the best genetic diagnostics 
with outstanding features.

Extra Smart Clinical Design
CeGaT’s exome enrichment is the sum of the many years of 
experience of CeGaT and our collaborators, combined with 
clinical knowledge. In contrast to standard whole exome 
sequencing (WES), CeGaT’s proprietary exome design covers 
not only the coding regions but all known disease-causing 
regions throughout the genome. With more than 38,000 
intronic and intergenic variants, it contains all genomic 
regions described as disease-related in the Human Gene  
Mutation Database (HGMD) and ClinVar, the largest public 
database of genotype-phenotype relationships. In addition, 
the whole genome is covered with probes at regular inter-
vals to achieve genome-wide array CGH-like CNV calling  
performance. Our exome enrichment also includes a  
clinically relevant selection of non-coding RNA genes,  
flanking intronic sequences, cryptic exons, and the entire 
mitochondrial genome.

By continuously improving our wet lab process, we have 
achieved very uniform and complete coverage of all  
diagnostic targets. To increase sensitivity and to allow us 
to detect mosaicism, our ExomeXtra® enrichment has an 
average diagnostic coverage of >100x.

Therefore, CeGaT's ExomeXtra® provides the ideal basis for 
genetic diagnostics.

CeGaT's Exome Diagnostics
All achievements of genetic testing integrated into our exome diagnostics

Extra Thorough Analysis
CeGaT’s data analysis goes beyond normal exome  
diagnostics and increases solution rates. We address copy 
number variants (CNVs), including compound heterozygous  
combinations of sequence variants (single nucleotide  
variants (SNV), small insertions and deletions (indels)) with 
CNVs. Sequencing data is routinely screened for repeat 
expansions related to reported phenotypes. 

Different family constellations can be analyzed as we can 
include various numbers of family members in the analysis, 
such as duo (2) or trio (3). For Trio ExomeXtra® we account 
for variants in genes with reduced penetrance, variable 
expressivity and even account for imprinting effects. In trio 
analysis, we additionally include the detection of uniparental 
hetero‐ and isodisomies (UPD). 
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ACMG Genes
This additional screening of the ACMG genes1 allows the 
detection of relevant pathogenic variants outside the pheno-
type in a defined group of genes with therapeutic relevance. 
In all ExomeXtra® services, this option is free of charge for 
the index patient. For ExomeFocus®, it is available at an 
additional charge. If selected, we issue a separate report for 
each person indicating our findings within the ACMG genes.

Upgrade ExomeFocus® to  
Trio ExomeXtra®

Trio ExomeXtra® is the test that offers the highest chances 
of identifying the genetic cause of disease. In cases where 
the treating physician starts with a singleton exome and 
later wants to expand to Trio ExomeXtra®, this is offered at 
a reduced price.

HLA Typing
HLA typing can determine tissue compatibility for allogenous 
transplants, individual drug response (PGx), and differential 
diagnosis. HLA typing can also be used to judge susceptibility  
to disease (e.g., HLA-B27: inflammatory and autoimmune 
disorders). You will receive an additional report stating the 
HLA alleles.

Pharmacogenetics (PGx)
Pharmacogenetic analysis detects genetic changes that 
influence the efficacy of drugs. If genetic variants affect 
proteins responsible for the metabolization of substances, 
their tolerability and efficacy can be severely altered. 
These drugs include antidepressants, painkillers, neuro-
leptics, chemotherapeutics, AIDS drugs, thrombosis drugs,  
anesthetics, beta-blockers, and statins.
 
A specific enzyme’s reduced activity can lead to increased 
drug levels at the standard dosage, which is frequently  
accompanied by undesirable side effects. In the case of 
pharmaceuticals that are only activated by metabolization, 
the therapeutic effect may be absent altogether. Similarly, 
increased enzyme activity, due to the resulting increased 
drug degradation rate, can lead to insufficient efficacy of the 
therapy.

The pharmacogenetics option analyzes known variants 
involved in drug metabolism. If certain gene variants are 
detected, the treating physician can adjust therapies  
individually. With the help of pharmacogenetic analysis, 
serious side effects can be minimized, and treatment failure 
avoided.

Additional Services

1  According to the current guidelines of the American College of Medical Genetics and Genomics; details on genes and associated diseases can be found at www.cegat.com/acmg-genes

WGS ExomeXtra®

Average Diagnostic Coverage ~30x ~110x

Total Gb sequenced 100 15

Coding sequences  
covered > 20x

93.3% 98.2%

Disease-causing non-coding 
mutations covered > 20x

96.3% 98.7%

Coding sequences covered > 30x 70.2% 98.1%

Disease-causing non-coding 
mutations covered > 30x

83.3% 98.3%

Smarter than Genome
Whole genome sequencing (WGS) is sometimes described as 
the most comprehensive genetic analysis possible. However, 
coverage is often too low for reliable variant detection. 
We sequence our ExomeXtra® with an average diagnostic 
coverage of >100x, detecting more relevant regions and de- 
livering higher sensitivity than 30x WGS. This increases solu-
tion rates and even allows us to detect mosaic variants, which 
are systematically missed in WGS analyses. At the same time, 
it avoids thousands of irrelevant variant calls that usually 
occur in WGS analyses, improving diagnostic speed and 
accuracy.

Rapid advancement in science is constantly increasing 
our knowledge about genetic diseases and the potential 
of genetic analyses. New genomic regions with clinical  
relevance are identified every year. Our ExomeXtra® enrich-
ment is continuously updated according to the latest clinical 
findings to always cover all relevant regions. WGS is already a 
great tool for research. 

Table 1: Comparison of standard whole exome sequencing (WGS) and ExomeXtra®. 
Covered refers to average clinical usable coverage after alignment filtering (uniquely 
mapping, removal of duplicate and overlapping read ends).

Until it is ready for diagnostic use, ExomeXtra® offers the 
best combination of WES, WGS and array CGH (compara-
tive genomic hybridization), providing clinical genomic  
diagnostics to help patients today.
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Copy Number Variants (CNVs)
Beside single nucleotide variants (SNVs) and small inser-
tions and deletions (indels), copy number variants (CNVs) 
can be causative for a particular phenotype. Genetic 
testing without screening for deletions and duplications is  
incomplete and may result in false negative medical reports. 
All our exome analyses automatically include a deletion/
duplication screening - without extra fees. Our CNV analysis 
in combination with our customized enrichment greatly 
increases the diagnostic yield.

Our CNV evaluation allows us to detect single exon deletions 
with a sensitivity of > 81%, larger deletions of three or more 
exons will be detected with > 96% sensitivity. In addition, 
we validate our analysis using MLPA or qPCR. The deletion/ 
duplication analysis contributes to CeGaT’s high-quality 
medical reports to provide you with all available analysis 
options.

Outside of the coding exons, CNV calling covers the whole 
genome with an array-like resolution of 50 kb (figure 1). 
This enables accurate characterization and classification  
of clinically CNVs, allowing the detection of the break 
points in the intronic region. In order to enable the correct 
annotation of those structural variants, genome-wide 
CNV analysis is an essential part of our exome design.
Relevant events are included in the medical evaluation. 
Furthermore, we always determine and describe the 
quality of the CNV analysis within our medical report. We  
recommend sending fresh EDTA blood to achieve the highest 
sensitivity of CNV calling.

The "Xtra" in Our Exome Diagnostics

Combined Interpretation
CeGaT’s analysis strategy enables us to call CNV/SNV  
combinations to provide even more detailed and important 
information. SNV/CNV combinations are defined as  
occurrences of both a SNV and a CNV in the same gene and at 
least one of them being ACMG class 4 or 5 (likely pathogenic/
pathogenic).

chromosome

Gene A Gene B

exome probes

Gene A Gene B~ 50 kb

backbone probes

chromosome

Gene A Gene B

exome probes

Gene A Gene B~ 50 kb

backbone probes

Figure 1: Comparison of CNV calling approaches. A) presents the standard approach to CNV calling, where the probes (blue) cover only coding regions. B) shows our genome-wide CNV 
calling, where additonal probes (orange) are included as well to cover the noncoding regions (backbone resolution is ~50 kb).

Screening for Repeat Expansions
To gain the maximum possible insights from our exome 
dataset, we also screen for repeat expansions in several 
genes: SCA1 (ATXN1), SCA2 (ATXN2), SCA3 (ATXN3), SCA6 
(CACNA1A), SCA7 (ATXN7), SCA17 (TBP), FXN, AR, CSTB, HTT, 
JPH3, PABPN1. If results indicate a possible repeat expan-
sion that fits the patient's phenotype, we offer verification 
with an independent method.

A)

B)

Analysis of Mitochondrial Genome
Mitochondrial genome is included in our enrichment and it 
is always sequenced. Variants in the mitochondrial genome 
are evaluated when the phenotype indicates the possibility 
of a mitochondrial disease. In the case of prenatal diagnos-
tics, the analysis of mtDNA is always included.
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VUS Re-Evaluation 
CeGaT’s VUS re-evaluation reassesses previously reported 
variants of uncertain clinical significance (VUS) as soon as 
new scientific evidence on the pathogenicity of the variant is 
available. This leads to an even higher number of diagnoses 
being made by CeGaT.

Genetic research is making great progress and is constantly  
improving our knowledge of disease-causing variants.  
Therefore, it is likely that over time a VUS will be better 
understood and classified as pathogenic (likely pathogenic/ 
pathogenic) or benign (likely benign/benign).

 
In the event of such a VUS re-evaluation, CeGaT proactively 
informs the treating physicians. In addition, the re-evaluated 
variant is interpreted by our specialists with reference to the 
patient’s clinical picture and a revised medical report will be 
prepared, without extra fees (ExomeXtra®). 
The re-evaluation is critical for the care and treatment of 
patients and family members.

Patient: 
boy, 11 months

Clinical Symptoms: 
benign infantile epilepsy with tonic-clonic seizures

Primary Report (November 2019): 
SCN8A c.802A>T (het.) VUS

VUS Re-Evaluation:
• triggered by HGMD update in Januay 2021

• based on publication Medlin et al., 20202

  Variant can now be classified as likely pathogenic.  
New report has been issued.

Sample Case

2  Medlin, L. C., Bello-Espinosa, L. & MacAllister, W. S. Neuropsychological profiles of two patients with differing SCN8A-pathogenic variants. Applied neuropsychology. Child 11, 561–566; 
10.1080/21622965.2020.1807983 (2022).

Watch Our Latest Webinar in the Field 
of Exome Diagnostics. 
Scan the QR code and learn how we can help 
you solve complex patient cases.
www.cegat.com/webinars
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Single Exome Diagnostics
Whole exome diagnostics (WES) test for an individual patient

Single ExomeXtra®

Single ExomeXtra® is the best possible whole exome  
diagnostics (WES) test for an individual patient. It is based on 
a precise description of the patient’s phenotype, an individu-
alized list of candidate genes associated with their symptoms  
is created. This includes all clinically relevant genes, as well 
as genes associated with differential diagnoses, based on 
the Human Phenotype Ontology (HPO) and internal databases. 

ExomeFocus®

ExomeFocus® is the result of our many years of experience 
in genetic diagnostics and bioinformatics, representing the 
most efficient approach for singleton exome diagnostics. 
Our in-house developed software uses our extensive 
in-house database of genetic variants as well as all publicly 
available databases to data-mine the patient’s exome for 
high-impact variants. Our scientific team then evaluates 
these high-impact variants to ensure clinical relevance for 
the patients’ phenotype.

In case of unresolved cases, there is always an option to 
expand the analysis to Trio ExomeXtra®.

The exome includes all protein-coding regions (exons) of the 
approximately 23,000 genes in the human genome. Although 
the exome accounts for only about 1-2% of the whole genome, 
approximately 89% of all known disease-causing mutations 
are identified to be located within the exons. In addition, 
our exome design also covers more than 38,000 non-coding  

variants described as disease-relevant in the databases 
HGMD and ClinVar. Our singleton exome diagnostics is 
based on our proprietary, high-quality exome enrichment,  
providing deep and homogeneous coverage of all known 
disease-causing regions of the genome. 

Service Details
Medical Report With:

• variants with clinical relevance (ACMG class 3, 4, 5)

• interpretation & discussion of these variants and the 
affected genes

• interpretation of genetic relevance for family planning

• recommendations for clinical disease management & 
further tests

• genome-wide detection of copy number variants (CNV)

Additional Services:
• ACMG gene panel

• pharmacogenetics

• HLA typing

Our Standard Sample Requirements:
• 1-2 ml EDTA blood (recommended sample type)

• genomic DNA (1-2 µg)

• DBS cards, buccal swabs, or saliva are also possible

Other samples are possible – please consult with us at 
diagnostic-support@cegat.com.
We gladly answer your questions and assist you in choosing 
the optimal sample for your patient.
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Trio ExomeXtra®

The most effective genetic test for patients with complex, heterogeneous,  
and unspecific symptoms

Trio ExomeXtra® is used to diagnose an affected patient with 
unaffected parents. Including both unaffected parents in the 
analysis significantly increases the chances of a successful 
diagnosis. For Trio ExomeXtra®, the exomes of the parents and 
the index patient are sequenced. This allows an exome-wide  
segregation analysis and, thus the highest solution rates. 
Comparative exome diagnostics is particularly effective 
because the number of variants to be evaluated is minimized, 
and single variants’ numerous and cost-intensive segre-
gation analyses are avoided. In addition to SNVs and CNVs, 
we also check for uniparental disomies (UPD), covering both  
isodisomies as well as heterodisomies affecting whole or 
partial chromosomes.

Service Details
Medical Report With:

• variants with clinical relevance (ACMG class 3, 4, 5)

• interpretation & discussion of these variants and the 
affected genes

• interpretation of genetic relevance for family planning

• recommendations for clinical disease management & 
further tests

• genome-wide detection of copy number variants (CNV)

Additional Services:
• ACMG gene panel

• pharmacogenetics

• HLA typing

Our Standard Sample Requirements:
• 1-2 ml EDTA blood (recommended sample type)

• genomic DNA (1-2 µg)

• DBS cards, buccal swabs, or saliva are also possible

Other samples are possible – please consult with us at 
diagnostic-support@cegat.com.
We gladly answer your questions and assist you in choosing 
the optimal sample for your patient.

In the evaluation process, our experienced team investigates 
all variants according to the latest scientific knowledge. For 
variants in genes that are not clearly associated with the  
patient’s suspected phenotype, we predict the possible  
contribution through extensive additional literature research. 
If we find evidence that a variant not yet described contributes  
to the patient’s phenotype, this variant is described in our 
medical report.
Comparison of the affected patient’s data with those of 
the unaffected parents allows us to identify the following  
SNV/CNV combinations:

• de novo – new in the index, not present in parents

• homozygous – homozygous in the index, heterozygous 
in both parents

• compound heterozygous – two or more variants in 
the same gene in the index on different alleles; each 
parent is a heterozygous carrier of one variant

• x-linked – male patient is hemizygous, the mother is 
heterozygous

• loss of heterozygosity – index is homozygous, one 
parent heterozygous, other parent wildtype

• parental mosaicism – index is heterozygous, one 
parent has a genetic mosaicism

Index patient
>1,000 variants 

(after minor allele frequency filtering)

MotherFather

Index patient
~100 variants after filtering with 
the variants found in the parents

Trio-
filtering

de novo
compound heterozygous

Figure 2: Schematic representation of trio exome filtering, which also considers mildly 
affected parents. Filtering with the parental variants enables, for example, the detection 
of compound heterozygous variants.

The most effective genetic test for patients with complex, heterogeneous,  
and unspecific symptoms
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In comparative family exome diagnostics, not only the 
affected patient but also other relatives are sequenced. The 
most commonly performed analysis is the trio exome: The 
inclusion of both unaffected parents of the index patient 
highly increases the chances of diagnostic success to be 
approximately twice as high compared to single exome 
diagnostics.3

In family constellations where it is not possible to obtain a 
sample from both genetic parents, or one parent might be 
affected as well, the adaptive ExomeXtra® bioinformatic 
pipeline allows us to analyze all kinds of family combinations, 
like duos. This goes beyond commonly performed analyses of 
private and shared variants between two persons. 

Our additional analyses are the best approach for solving 
cases with only one parent (affected or unaffected) or any 
other index-relative constellations. A detailed phenotypic  
description of all affected individuals is the basis for a  
precise and successful data interpretation. Standard trio 
exome diagnostics rely on the assumption that both parents 
are not affected. This filtering ignores that some parents 
are only mildly affected, for example, which would result in  
negative findings. We compensate for these situations with a 
unique analysis strategy that allows us to solve cases where 
the phenotype is caused by variants with

• reduced penetrance

• variable expressivity

• imprinting effects

Benefit from Our Comparative ExomeXtra®

³  Farwell, K. D. et al. Enhanced utility of family-centered diagnostic exome sequencing with inheritance model-based analysis: results from 500 unselected families with undiagnosed genetic conditions. Genetics 
in medicine : official journal of the American College of Medical Genetics 17, 578–586; 10.1038/gim.2014.154 (2015).

Maternal (m) Paternal (p)

m-heterodisomy m-isodisomy p-isodisomy p-heterodisomy

Figure 3: Schematic illustration of the inheritance pattern of uniparental disomy (UPD). UPD occurs when both pairs of chromosomes are inherited from only one parent, which means 
the other parent's chromosome for that pair is missing. The figure shows the possible types of UPDs that can occur, which may be inherited maternally (both red) or paternally (both 
blue). UPDs are also further sub-categorized depending on the constellation; if one chromosome is inherited in a duplicated fashion (isodisomy) or if each chromosomes in the pair is 
inherited (heterodisomy).

Our unique analysis strategy considers often overlooked issues, such as mildly affected parents

Detection of Uniparental Disomies (UPDs)
We also detect and report uniparental disomies (UPDs). 
UPDs can cause diseases due to imprinting effects, under-
lying homozygous pathogenic variants, or low-level mosaic 
aneuploidies. 
 

 
We are able to report on all four possible UPD constellations: 
maternal heterodisomies, maternal isodisomies, paternal 
heterodisomies, and paternal isodisomies (fig. 3).



15

An exact diagnosis is the basis for optimal treatment. Here 
is a case from our daily work where exome diagnostics 
saved a little girl’s life.

Our patient had shown signs of severe illness at an early age. 
Her parents sought medical assistance when she was about 
six months old. Examining the baby, the physicians identified 
a bone marrow developmental defect. But the reasons for the 
deficiency remained unclear. However, the physicians knew 
that time was precious since the little girl‘s older brother had 
already died at the age of seven months, displaying similar 
symptoms. Facing this, the only option the physicians had 
was to prepare for bone marrow transplantation. The surgery 
posed a high risk for the girl‘s life because survival rates for 
this type of procedure for a baby are far from good, at around 
50%. But the physicians also knew that if two siblings show 
such similar symptoms, there had to be a genetic cause.

Finding the needle in the haystack 
To get results as fast as possible and retain a chance to spare 
the girl the risky bone marrow transplantation, the treating 
physician approached CeGaT directly. At CeGaT, the DNA 
from the little girl and both parents were analyzed (so-called 
“trio exome diagnostics”).

Every human has thousands of genetic alterations, and nearly 
all of them do not cause disease. Finding the one genetic 
variant that causes a patient‘s disease is the well-known 
“needle in a haystack” problem. This procedure requires 
a profound understanding of sequencing technology,  
molecular biology, and human genetics.

Gene analysis reveals a hidden condition 
CeGaT was able to identify two variants in our patient, one 
inherited from each parent, in a gene called TCN2. The protein 
encoded by this gene binds and transports vitamin B12 into 
cells, such as bone marrow cells. This is essential for bone 
marrow development. As the girl‘s blood values for vitamin 
B12 were normal, the physicians had no indication of this 
condition. In order to compensate for the reduced transfer 
of vitamin B12 into the bone marrow, the physicians decided 
to provide her with B12 supplements through medication and 
postponed the bone marrow transplantation. The treatment 
worked – the little girl recovered; bone marrow transplan-
tation was not needed. She is developing well: Today, she is a 
healthy, happy four-year-old girl.

Case Report – Saving a Little Girl‘s Life 

Patient: 
girl, 6 months

Familial History:
brother with same symptoms passed away at the age of 
seven months.

Initial Planned Therapy Strategy: 
bone marrow transplantation which features a chance of 
survival only approx. 50%.

Genetic Testing:
trio exome diagnostics at CeGaT

Symptoms: 
congenital bone marrow failure, recurrent infections, anemia, 
dystrophy, reduced neutrophil and thrombocyte count

Results: 
Homozygous mutation in TCN2 (encodes for a vitamin B12 
carrier protein) leading to a defect in vitamin B12 metabolism  
(despite normal blood values)

Sample Case
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Read Our Latest Publication in the Field 
of Prenatal Diagnostics. 
We have conducted studies with a cohort  
of over 1,000 prenatal trios.  
Visit our website for more information:  
www.cegat.com/prenatal-publications
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Prenatal ExomeXtra®

Understanding genetic conditions prior to birth

Fetal structural anomalies are found in up to 3% of all  
pregnancies following routine prenatal care ultrasound 
screening.4 A diagnosis is difficult due to limited pheno-
typic information, but it is crucial to gain information about 
disease prognosis. The Prenatal ExomeXtra® analysis assists 
in such cases by identifying the genetic cause of the disease.
The human exome contains all protein-coding regions (exons) 

of about 23,000 genes in the genome. The exome makes up 
only about 1-2% of the whole genome, but close to 89% of 
all known disease-causing mutations are located within the 
exons. In addition, our proprietary design also covers more 
than 38,000 non-coding variants described as disease- 
relevant in the databases HGMD and ClinVar. 

Diagnostics - with conspicuous ultrasound findings: 
The Prenatal ExomeXtra® is used to determine the genetic 
cause of a disease in a fetus with abnormal ultrasound 
findings. In addition, we investigate the risk of serious health 
complications in the early stages of a child’s life. The analysis 
of the exomes of the fetus and both parents (trio exome 
diagnostics) enables a comparative analysis and increases 
the probability of identifying disease-causing variants.

Prenatal ExomeXtra® diagnostics enable the detection of 
variants that affect metabolism, for example and offer the 
possibility of initiating treatment immediately after birth. Our 
unique analysis approach also allows the detection of variants 
with imprinting effects, variable expressivity, and reduced 
penetrance (see page 14 for more details).

Diagnostics - with inconspicuous ultrasound findings: 
The Prenatal ExomeXtra® can also be performed if prenatal 
ultrasound examinations are inconspicuous. A study by 
Sukenik-Halevy et al. shows that more than 50% of cases with 
postnatal neurocognitive disorders did not show prenatal 
ultrasound abnormalities.5

We have compiled a comprehensive panel of over 2,000 genes 
associated with severe early-onset diseases in cooperation 
with leading experts in prenatal clinical human genetics. After 
trio exome analysis and filtering, we screen all genes in the 
panel for pathogenic and likely pathogenic (ACMG class 4, 5) 
variants associated with severe, early-onset disease.
Our experts also report all pathogenic and likely pathogenic 
variants outside this gene panel and discuss their clinical 
relevance if they lead to severe childhood disorders. In this 
way, we always consider the latest scientific findings.

Service Details
Medical Report With:

• variants with clinical relevance (ACMG class 4, 5)
• interpretation & discussion of these variants and the 

affected genes
• interpretation of genetic relevance for family planning
• recommendations for clinical disease management & 

further tests
• detection of copy number variants (CNV)

Additional Services:
For the parents:

• ACMG gene panel
• pharmacogenetics
• HLA typing

Our Standard Sample Requirements:
For the fetus:

• amniotic fluid (native or cultured)
• chorionic villi (native or cultured)
• extracted fetal DNA
• abortion material

For the parents:

• 1-2 ml EDTA blood (recommended sample type)
• genomic DNA (1-2 µg)
• DBS cards, buccal swabs, or saliva are also possible

Other samples are possible – please consult with us at 
diagnostic-support@cegat.com and we will gladly answer 
your questions.
For prenatal analyses, we always require a sample from the 
mother to test for maternal cell contamination (MCC).

⁴ Edwards, L. & Hui, L. First and second trimester screening for fetal structural anomalies. Seminars in fetal & neonatal medicine 23, 102–111; 10.1016/j.siny.2017.11.005 (2018).
5  Sukenik-Halevy, R. et al. The prevalence of prenatal sonographic findings in postnatal diagnostic exome sequencing performed for neurocognitive phenotypes: A cohort study. Prenatal diagnosis vol. 42,6, 

717-724. doi:10.1002/pd.6095 (2022).
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Order Form 
Exome

Hearing defects and vestibular 
abnormalities

 �  Sensorineural hearing impairment 
(bilateral? � yes / � no)

 �  Conductive hearing impairment 
(bilateral? � yes / � no)

 �  Abnormality of vestibular system  
(� vertigo, � dizziness, � imbalance, 
� spatial disorientation)

 � Other:  
 � No hearing defects
 � No vestibular abnormalities
 � Not examined / unknown

Musculoskeletal symptoms
 � Muscular hypotonia
 � Muscular hypertonia
 � Elevated creatine kinase
 � Ptosis
 � Flexion contracture
 � Arthrogryposis (congenital? � yes / � no)
 �  Short stature  
(skeletal dysplasia? � yes / � no)

 � Tall stature (overgrowth? � yes / � no)
 � Joint Hypermobility
 �  Hand- / � Foot polydactyly  
(bilateral? � yes / � no)

 �  Hand- / � Foot syndactyly  
(bilateral? � yes / � no)

 � Camptodactyly of finger
 � Clubfoot (congenital? � yes / � no)
 � Scoliosis
 � Pectus excavatum
 � Pectus carinatum
 � Hemihypertrophy
 �  Abnormality of bone density  
(� increased / � decreased)

 � Exostosis
 � Delayed bone age
 � Other:  
 � No muscular abnormalities
 � No skeletal abnormalities
 � Not examined / unknown

Cardiovascular defects
 � Atrial septal defect
 � Ventricular septal defect
 � Abnormality of cardiac ventricle
 � Tetralogy of Fallot
 � Cardiomyopathy
 � Arrhythmia
 � Aortic aneurysm
 �  Abnormality of vasculature 
(Please specify:  )

 � Pulmonary arterial hypertension
 � Other:  
 � No cardiac abnormalities
 � Not examined / unknown

Immunological and hematological  
abnormalities

 � Autoinflammatory disease
 �  Immunodeficiency 
(Please specify:  )

 � Recurrent infections
 � Anemia (Erythrocytes)
 � Neutropenia
 � Thrombocytopenia
 � Abnormal coagulation
 � Megaloblastic anemia
 � Bone marrow failure
 � Hemochromatosis
 � Other:  
 � No immunological abnormalities
 � No hematological abnormalities
 � Not examined / unknown

Metabolic and endocrine defects
 � Failure to thrive
 � Obesity
 � Suspected mitochondriopathy
 � Lactic acidosis
 � Proteinuria
 � Hyperglycemia
 � Hypoglycemia
 � Ketosis
 � Hypercalcemia
 � Diabetes mellitus
 � Diabetes insipidus
 � Hypothyroidism
 � Hypoparathyroidism
 � Exocrine pancreatic insufficiency
 � Other:  
 � No metabolic abnormalities
 � No endocrine abnormalities
 � Not examined / unknown
 � Copy of laboratory findings attached

Renal and genitourinary tract abnormalities
 � Renal cysts
 � Renal agenesis
 � Horseshoe kidney
 � Hypercalciuria
 � Hematuria
 � Proteinuria
 � Hypospadias
 � Cryptorchidism
 � Ambiguous genitalia
 � Other:  
 � No renal abnormalities
 � No genitourinary abnormalities
 � Not examined / unknown

Hepatic dysfunction
 �  Liver dysfunction 
(Please specify:  )

 � Recurrent acute liver failure
 � Hepatic cysts
 � Cholestasis
 � Hypercholanemia
 � Hepatomegaly
 � Other:  
 � No hepatic abnormalities
 � Not examined / unknown

Skin, nails and hair
 �  Abnormality of connective tissue 
(Please specify:  )

 � Multiple cafe-au-lait spots
 � Port-wine stain
 � Albinism
 � Progeroid appearance
 � Skin lesions
 � Eczema
 � Edema
 � Ichthyosis
 � Dysplastic nails
 � Anhidrosis
 � Hyperhidrosis
 � Alopecia
 � Hypertrichosis (Where?  )

 � Other:  
 � No abnormalities of skin, nails and hair
 � Not examined / unknown

Other
 � Organomegaly (which?  )

 � Neoplasm  /  � Cancer
 � Pancreatitis
 � Episodic fever
 � Hyperthermia
 � Hypothermia
 � Constipation, � Obstipation
 � Diarrhea
 � Episodic vomiting
 � Other:  

For the diagnosis of syndromal complex phenotypes
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Order Form
1   Patient details 

(Name, date of birth, sample material, …)

2    Declaration of consent
For genetic testing, the consent of the patient tested 
is mandatory. We understand that patients might 
not want to sign a consent in a foreign language. In 
such cases, we can accept a confirmation that the  
ordering physician has obtained the patient‘s consent.

3   Clinical symptoms 
Please describe the patient’s phenotype. Please 
choose the appropriate symptoms using the pre-
defined set of HPO terms and/or include additional 
information regarding the patient’s phenotype. The 
more detailed the clinical description, the more valid 
is our diagnostics.

5   Family history
The inclusion of pedigree information helps to clarify 
the family history and indicate if there have been similar 
symptoms in the family. CeGaT provides a software to 
draw pedigree charts, the Pedigree Chart Designer.

6  Inquiry
Single exome, trio exome, clinical trio exome, or duo 
exome. Please select the genetic diagnostic you wish 
to perform.

7   Additional analyses
Please indicate whether you would like further 
analyses (array CGH, MLPA, ….).

8  ACMG genes screening
If desired, ACMG genes screening can be ordered 
here. This analysis is offered free of charge for the 
index patient.

If trio requested:

9  Parent‘s details

10   ACMG genes screening for parents and additional 
analysis

11   Parent‘s consent
See point 2 above.

Sample Requirements
Our standard sample requirements are 1-2 ml EDTA blood 
(recommended sample type). We also accept a variety of 
different materials such as DBS cards, buccal swabs, saliva, 
or isolated DNA.

CeGaT GmbH | Paul-Ehrlich-Str. 23 | 72076 Tübingen | Germany
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Order Form 
Exome

Declaration of consent
By signing this form, I declare that I have received comprehensive information regarding 
the genetic background related to the disease in question, as well as the possibilities and 
limitations of molecular genetic testing. I understand that I have the right to withdraw my 
consent for genetic analyses.

I have been informed, and agree, that my personal data and the data obtained in the 
analysis will be recorded, evaluated or stored in an pseudonymized form in scientifi c 
databases, and that further, in accordance with data protection and medical confi dentiality, 
the request, or parts thereof, may be transmitted to a specialized cooperating laboratory.

I consent to the re-evaluation of my test results within the data storage period. If signifi cant 
alterations become apparent, my doctor will be informed by e-mail.

I have been informed, and agree to the electronic storage, processing, use, and 
transmission of all data collected by CeGaT GmbH.

For more detailed information on data privacy as well as your rights please refer to 
www.cegat.de/en/privacy-policy

Please Note
All genes, including the complete mtDNA are sequenced when exome diagnostics is 
performed. The diagnostic evaluation is limited to variants in genes relevant to the provided 
phenotypic information. Correct family relationships are assumed for comparative exome 
analysis using data from several family members (e.g. trio exome analysis).

This declaration of consent can be completely or partially withdrawn at any time. 
I have had suffi cient time to consider giving my consent.

If the patient did not sign this order form: I, the referring physician, confi rm that the 
patient received genetic counseling and agrees with the genetic testing. The patient’s 
consent has been obtained in writing.

I, the referring physician, confi rm that I am authorized to request genetic testing for the 
above mentioned patient. For predictive testing, I confi rm that I am authorized, and have 
fulfi lled the requirements to request this testing. For minors, I declare that I have the 
consent of all legal guardians. lf the patient did not sign this order form: I, the referring 
physician, confi rm that the patient received genetic counseling and agrees with the 
genetic testing. The patient’s consent has been obtained in writing.

Patient

Surname:      

First name:      

Date of birth:      

Sex: � male � female

Material

� Blood ____ ml (min. 1-2 ml EDTA-blood)

� Dried blood spot cards (at least 5 spots)

� DNA ____ µg (min. 1-2 µg DNA, concentr. ≥ 50 ng/µl) DNA-No.:  

� Other specimen     

External ID:      

Date of sample collection:     
Samples can be sent by mail in a cardboard box or air cushion envelope. Samples should not 
be exposed to direct sunlight. Dried blood spot cards can be ordered for free (info@cegat.com).

Sender / Clinic

Surname:      

First name:     

Institution:     

Street:      

Postcode/City:     

Country:      

Phone:      

Email:      

VAT:     
If applicable, please include a VAT number or a copy of your business registration certifi cate.

Invoice   � to sender / clinic 
  � to patient / other (KVA-No.:   )

Surname:      

First name:     

Street:      

Postcode/City:     

Country:      

Email:      

    
  Patient / Legal Guardian 

(Block letters)

ᵪ     
  Patient / Legal Guardian

(Date, Signature)

    
  Physican 

(Block letters)

ᵪ     
  Physican 

(Date, Signature)

CeGaT is accredited by 
DAkkS according to 
DIN EN ISO 15189:2014, 
the College of American 
Pathologists (CAP) and CLIA.

Physician's stamp / Barcode

If you do not check these boxes, your answer will be recorded as “No”.
I consent to the storage of my genetic material for additional tests and/or 
quality control (for max. 10 years).

I consent to the storage of my test results beyond the timespan of 10 years 
(as required by German law).

I consent to the pseudonymous storage and use of surplus genetic material 
and/or test results for scientifi c research and in scientifi c literature.

With regard to secondary fi ndings I would 
like to be informed:
Genetic variation may sometimes be identifi ed, which does not fi t within the scope of the requested 
genetic analysis (so-called secondary fi ndings). The reporting of these variants is limited to pathogenic 
alterations (ACMG classes 4 and 5) within selected genes, for which a treatment or course of 
action exists for you or your family (according to the current guidelines of the American College 
of Medical Genetics and Genomics; details on genes and associated diseases can be found at  
https://www.cegat.com/acmg-genes/). There is no claim of a comprehensive analysis of this gene set. 
An absence of secondary fi ndings cannot be used to indicate a reduced disease risk. 

Targeted analysis of the ACMG genes according to current recommen-
dations can be requested as “additional analyses”.

� Yes  � No

� Yes  � No

� Yes  � No

� Yes  � No

According to German Genetic Diagnostic Act (GenDG) we will issue the medical report to the 
counselling physician. Please indicate here the contact email of the counselling physician:

Email:      

General Information

For the diagnosis of syndromal complex phenotypes
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Order Form 
Exome

Clinical symptoms

Please provide the following clinical information for your patient. Detailed clinical information will increase the likelihood of identifying causative alterations 
during exome analysis and significantly improve the interpretation of identified variants. The absence of phenotypic findings in organ systems, metabolic, 
or other molecular analyses is also valuable information for genetic analyses. Please take the opportunity to indicate ‘no abnormalities’ or ‘not examined / 
unknown’ in the relevant phenotype sections.

Prenatal medical history:
 � Normal
 � Prematurity
 � Intrauterine growth restriction (IUGR)
 � Poly- / Oligohydramnios
 � Decreased fetal movement
 � Other:  

Developmental disorders
 �  Intellectual disability 
(� mild, � moderate, � severe)

 � Global developmental delay
 � Delayed motor milestones
 � Delayed speech / language development
 � Autism spectrum disorder
 � Developmental regression
 � Other:  
 � No intellectual disability
 � No developmental disorder
 � Not examined / unknown

Craniofacial anomalies
 � Macrocephaly
 � Microcephaly
 � Craniosynostosis
 � Broad forehead
 � Cleft lip palate
 � Hypertelorism
 � Hypotelorism
 �  Abnormality of the nose 
(Please specify:  )

 �  Abnormal ears 
(Please specify:  )

 � Micrognathia
 � Oligodontia
 � Other:  
 � No craniofacial anomalies
 � Not examined / unknown

Brain abnormalities
 � Lissencephaly
 � Schizencephaly
 � Porencephaly
 � Pachygyria
 � Polymicrogyria
 � Band heterotopia
 �  Abnormality of corpus callosum 
(Please specify:  )

 � Hydrocephalus
 � Holoprosencephaly
 � Abnormality of basal ganglia
 � Leukoencephalopathy
 � Brain atrophy
 � Ventriculomegaly
 � Other:  
 � Normal brain MRI
 � Not examined / unknown

Respiratory symptoms
 � Respiratory insufficiency
 � Respiratory failure
 � Apnea
 � Recurrent infections
 � Bronchiectasis
 � Other:  
 � No respiratory symptoms
 � Not examined / unknown

Neurological symptoms
 � Seizures (� generalized / � focal)
 � Encephalopathy
 � Abnormal nerve conduction velocity
 � Neuropathy (� motor / � sensory)
 � Ataxia
 � Tremor
 � Dystonia
 � Chorea
 � Spasticity
 � Gait disturbances
 � Nystagmus
 �  Mood disturbances  
(� anxiety, � depression, � psychosis)

 � Migraine, � Headaches
 � Sleep disturbances
 � Unexplained pain
 � Other:  
 � No neurological symptoms
 � Not examined / unknown

Eye defects
 �  Visual impairment (bilateral? � yes / � no) 
(Please specify:  )

 �  Anophthalmia / � Microphthalmia  
(bilateral? � yes / � no)

 � Strabismus (bilateral? � yes / � no)
 � Congenital bilateral cataract
 � Other:  
 � No eye defects
 � Not examined / unknown

Analysis type:  � Proband is affected        � Proband is NOT affected (predictive testing) 

Indication / suspected diagnosis:     

     

    

             

            

            

 

Preliminary genetic diagnostics:    

    

Transplants (bone marrow, tissue, stem cells)  � No  � Yes, (please specify)  

Please include a copy of all existing reports of your patient (with pictures, if available).

For the diagnosis of syndromal complex phenotypes

Indication & Clinical symptoms
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Order Form 
Exome

For further information and advice please do not hesitate to contact our Diagnostic Support team.

www.cegat.com/diagnostic-support | sales@cegat.com | Phone +49 7071 565 44-55

Inquiry 

Single Exome Diagnostics: 

  �  ExomeFocus®: Exome diagnostics based on our proprietary, high-quality exome enrichment. The medical report focuses on pathogenic and 

likely-pathogenic variants in the context of the patient’s phenotype (ACMG classes 3, 4, 5) (EXM01FOCUS).

  �  ExomeXtra®: Exome diagnostics based on our proprietary, high-quality exome enrichment. The medical report focuses on pathogenic,  

likely-pathogenic variants and VUS in the context of the patient’s phenotype (ACMG classes 3, 4, 5) and comprises a discussion of these 

variants (EXM01).

Comparative Exome Diagnostics: 

 �  Duo ExomeXtra®: Comparative exome diagnostics between patient and a family member, incl. a medical report with a discussion of variants in 

the context of the patient’s phenotype; reporting ACMG classes 3 , 4, 5 (EXM02Duo)

  �  Trio ExomeXtra®: Comparative exome diagnostics between patient and his/her parents, incl. a medical report with a discussion of variants in the 

context of the patient’s phenotype; reporting ACMG classes 3 , 4, 5 (EXM02)

  �  Upgrade ExomeFocus® to Trio ExomeXtra®: Expansion of a Single ExomeFocus® analysis to a Trio ExomeXtra®. Please provide in addition to 

the parental samples, CeGaT-ID of the previously analysed index:      

The analysis of the patient and both non-affected parents (Trio Exome) allows a more efficient evaluation of the variants identified in the index patient and 

leads to an increased chance of positive identification of disease causing variants.

Additional analyses (additional fees may apply)

� Genes to be considered in the context of Single Exome Diagnostics (ExomeXtra® only):      

     

     

� Please perform array-CGH diagnostics 

  � prior or  

� parallel 

to exome diagnostics. 

� Deletion / Duplication analysis (MLPA), gene(s) of interest:      

� Repeat expansion:      

� HLA-Typing (HLA01)
I would like to receive an additional report stating the HLA alleles (HLA class I (Gene A, B, C) and HLA class II (Gene DPA1, DPB1, DQA1, DQB1, 
DRB1, DRB3, DRB4, DRB5)).

�  ACMG genes diagnostics 
  I would like to be informed of relevant alterations within the list of recommended genes for secondary analysis, according to the current guidelines of the American College 

of Medical Genetics and Genomics. The analysis is restricted to the sequence data, re-sequencing of regions with poor sequence coverage will not typically be performed. 
A negative “ACMG genes” report cannot be used to rule out (genetic) disease risk. Additional fees may apply. According to German legislation, predictive tests for minors 
may not be performed for diseases which have an onset in adulthood. Therefore, some genes will not be analyzed for minors, unless the phenotypic spectrum is within the 
scope of the primary medical indication of the patient. 

 Details on genes and associated diseases can be found at https://www.cegat.com/acmg-genes/

�  Pharmacogenetics (PGX) (22 genes)
   ABCG2, CACNA1S, CYP2B6, CYP2C19, CYP2C9, CYP2D6, CYP3A4, CYP3A5, CYP4F2, DPYD, G6PD, HLA-A, HLA-B, IFNL3, MT-RNR1, NUDT15, POR, RYR1, 

SLCO1B1, TPMT, UGT1A1, VKORC1

 I would like to receive an additional report analyzing known variants that are involved in the metabolism of pharmaceutical products.

For the diagnosis of syndromal complex phenotypes
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Sample Requirements and Order Form

Also Possible via myCeGaT Portal
The process described above can also be completed  
digitally via our portal. To do so, scan the QR code or  
visit my.cegat.com
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Order Form 
Exome

Pedigree

Family medical history
Are there other family members who currently have or have had the same or a similar disease as the patient? � Yes  � No

If yes, please list the affected family members:

Consanguinity: � Yes  � No  Ethnic origin:                

Name
(not required)

Relationship to the patient 
(e.g. mother)

Age of onset Diagnosis / Symptoms

unborn child

abortion, stillborn child

person of unknown sex

unrelated parents

consanguine parents

not affected

affected

known carrier

deceased

index patient

identical twins  
(monozygous)

fraternal twins  
(dizygous)

For the diagnosis of syndromal complex phenotypes

Indication
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Order Form 
Exome

Personal data (Family member)

Surname:       First name:      

Date of birth:       Sample ID:   

Relationship to the patient

� Father � Mother  � Other; please state:       

Does the family member suffer from the same or similar illness as the index patient?

� No  � Yes, symptoms are:           

� HLA-Typing (HLA01)
I would like to receive an additional report stating the HLA alleles (HLA class I (Gene A, B, C) and HLA class II (Gene DPA1, DPB1, DQA1, DQB1, 
DRB1, DRB3, DRB4, DRB5)).

�  ACMG genes diagnostics 
  I would like to be informed of relevant alterations within the list of recommended genes for secondary analysis, according to the current guidelines of the American College 

of Medical Genetics and Genomics. The analysis is restricted to the sequence data, re-sequencing of regions with poor sequence coverage will not typically be performed. 
A negative “ACMG genes” report cannot be used to rule out (genetic) disease risk. Additional fees may apply. According to German legislation, predictive tests for minors 
may not be performed for diseases which have an onset in adulthood. Therefore, some genes will not be analyzed for minors, unless the phenotypic spectrum is within the 
scope of the primary medical indication of the patient. 

 Details on genes and associated diseases can be found at https://www.cegat.com/acmg-genes/

�  Pharmacogenetics (PGX) (22 genes)
   ABCG2, CACNA1S, CYP2B6, CYP2C19, CYP2C9, CYP2D6, CYP3A4, CYP3A5, CYP4F2, DPYD, G6PD, HLA-A, HLA-B, IFNL3, MT-RNR1, NUDT15, POR, RYR1, 

SLCO1B1, TPMT, UGT1A1, VKORC1

 I would like to receive an additional report analyzing known variants that are involved in the metabolism of pharmaceutical products.

Doctor's stamp / Barcode

Declaration of consent
By signing this form, I declare that I have received comprehensive information 
regarding the genetic background related to the disease in question, as well as the 
possibilities and limitations of molecular genetic testing. I understand that I have 
the right to withdraw my consent for genetic analyses.
I have been informed, and agree, that my personal data and the data obtained 
in the analysis will be recorded, evaluated or stored in an pseudonymized form 
in scientific databases, and that further, in accordance with data protection and 
medical confidentiality, the request, or parts thereof, may be transmitted to a 
specialized cooperating laboratory.
I consent to the re-evaluation of my test results within the data storage period. If 
significant alterations become apparent, my doctor will be informed by e-mail.
I have been informed, and agree to the electronic storage, processing, use, and 
transmission of all data collected by CeGaT GmbH.
For more detailed information on data privacy as well as your rights please refer to 
www.cegat.de/en/privacy-policy

Please Note
All genes, including the complete mtDNA are sequenced when exome diagnostics is performed. The 
diagnostic evaluation is limited to variants in genes relevant to the provided phenotypic information. 
Correct family relationships are assumed for comparative exome analysis using data from several family 
members (e.g. trio exome analysis).

This declaration of consent can be completely or partially withdrawn at any 
time. I have had sufficient time to consider giving my consent.
I, the referring physician, confirm that I am authorized to request genetic testing for 
the above-mentioned patient. For predictive testing, I confirm that I am authorized, 
and that I have fulfilled the requirements, to request this testing. For minors, I 
declare that I have the consent of all legal guardians.

If the patient did not sign this order form: I, the referring physician, confirm that 
the patient received genetic counseling and agrees with the genetic testing. The 
patient’s consent has been obtained in writing.

    
  Patient  

(Block letters)

ᵪ     
  Patient 

(Date, Signature)

    
  Doctor  

(Block letters)

ᵪ     
  Doctor  

(Date, Signature)

CeGaT is accredited by  
DAkkS according to  
DIN EN ISO 15189:2014,  
the College of American 
Pathologists (CAP) and CLIA.

For the diagnosis of syndromal complex phenotypes

Declaration of consent Parent 1

If you do not check these boxes, your answer will be recorded as “No”.
I consent to the storage of my genetic material for additional tests and/or 
quality control (for max. 10 years).

I consent to the storage of my test results beyond the timespan of 10 years 
(as required by German law).

I consent to the pseudonymous storage and use of surplus genetic material 
and/or test results for scientific research and in scientific literature.

With regard to secondary findings I would  
like to be informed:
Genetic variation may sometimes be identified, which does not fit within the scope of the requested 
genetic analysis (so-called secondary findings). The reporting of these variants is limited to pathogenic 
alterations (ACMG classes 4 and 5) within selected genes, for which a treatment or course of 
action exists for you or your family (according to the current guidelines of the American College 
of Medical Genetics and Genomics; details on genes and associated diseases can be found at   
https://www.cegat.com/acmg-genes/). There is no claim of a comprehensive analysis of this gene set. 
An absence of secondary findings cannot be used to indicate a reduced disease risk. 

Targeted analysis of the ACMG genes according to current recommen-
dations can be requested as “additional analyses”.

� Yes  � No

� Yes  � No

� Yes  � No

� Yes  � No

According to German Genetic Diagnostic Act (GenDG) we will issue the medical report to the 
counselling physician. Please indicate here the contact email of the counselling physician:

Email:      
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Patient 
ID # 

XXX, XX 
Male (*DD.MM.YYYY) 

Sample receipt xxx 
Material EDTA blood 
Report date xxx 
Report-ID R# 

 

Dr. Jane Doe 
Paul-Ehrlich-Str. 23 
72076 TÜBINGEN 
 

 

Genetic Report – XXX, XX (*DD.MM.YYYY) 
 

Indication Cerebral palsy, atopic-astatic form, speech development delay, large high forehead, internal compensated 
hydrocephalus, hypoplastic chest muscles, dysarthria of the cranial nerves, pathological foot reflexes, joint 
hypermobility, general muscle hypotension, ataxic gait 

Order Single exome analysis  

Result: Report with Significant Findings 

• Detection of a pathogenic variant in gene ZBTB20, which is causative for Primrose 
syndrome in your patient. 

• Based upon current scientific knowledge, we did not identify any reportable copy number variants 
which are likely to be causative for your patient's disease. 

  
Gene Variant Zygosity Heredity MAF (%) Classification 

ZBTB20 c.1832G>A; p.Cys611Tyr 
chr3:114058246 C>T (hg19) het. AD - pathogenic 

Information for the interpretation of this table can be found in section Additional Information. 

Recommendation 

We recommend further clinical evaluation and management according to the current guidelines for 
ZBTB20-associated Primrose syndrome (Arora et al., 2021, PMID: 33956417, GeneReviews). 

To determine whether the detected variant in gene ZBTB20 is de novo in your patient, testing of both 
parents regarding this variant is recommended.  

Genetic Relevance 

Your patient is heterozygous for a pathogenic variant in gene ZBTB20. This may be of relevance for future 
family planning and at-risk family members. 

Individual variants have a 50% probability of being passed on to each respective offspring. 

The test results are described and explained in a medical 
report delivered to the referring physician. A total of four 
scientific experts contributes to every medical report –  
generating the best possible results. CeGaT’s interdisciplinary  

team of PhDs uses the most recent literature for data 
interpretation. Complex constellations are discussed with  
bioinformaticians. The final report is revised by medical 
doctors and geneticists to maximize medical usability.

1  Patient information
In the header, we summarize patient information:

• name, sex, external ID
• sample source and date of receipt
• CeGaT specified ID
• suspected diagnosis or indication for molecular genetic 

testing
• requested test

2  Results
This part summarizes the identified genetic changes  
according to ACMG guidelines, tabulated and sorted by their 
disease relevance. You will find a table that addresses the 
most likely causative variant(s) and provides information 
on zygosity, inheritance, allele frequency in the population,  
and our classification. We also report likely pathogenic  
variants and variants of uncertain significance (VUS) poten-
tially causative for the patient’s phenotype. CNV findings and 
the quality of the CNV analysis are explicitly described.

3  Recommendation
Clinical recommendations for the referring physician are 
given. These are, for example, additional diagnostic options 
for the patient (in case of a negative report), potential  
therapeutic approaches based on the pathogenic genetic 
variant(s) of the patient, or further molecular genetic tests 
for both affected and unaffected family members (e.g., 
segregation analysis).

4   Genetic relevance
We explain the inheritance pattern of the patient’s disease; 
the risk of disease recurrence in the family, and the extent 
to which other family members may be unaffected carriers.

5  Clinical information and variant interpretation
We summarize the current state of the scientific litera-
ture for the variants found. We explain and describe the 
detected variant(s) and affected genes in detail and how 
they contribute to the patient’s phenotype. The more clinical 
information is provided by the referring physician, the more 
accurate and precise our evaluation can be.

2

1

Medical Report

Variants of uncertain significance
We summarize the current state of the scientific literature for 
the variants found. We explain and describe the detected vari-
ant(s) and affected genes in detail and how they contribute to 
the patient’s phenotype. In addition, the ACMG criteria used for 
the variant(s) are clearly presented in a table and the variant 
classification is visualized using an ACMG classification scale. 
The more clinical information is provided by the referring 
physician, the more accurate and precise our evaluation.

6  Additional Information
We present detailed technical information on the methods 
used.
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Clinical Information and Variant Interpretation 

ZBTB20, NM_001164342.2 

OMIM / Reference Phenotype Heredity 

259050 Primrose syndrome (PRIMS) AD 

The gene ZBTB20 belongs to a family of transcription factors with an N-terminal BTB/POZ domain and a 
C-terminal DNA-binding zinc finger domain. It acts as a transcriptional repressor and plays a role in many 
processes including neurogenesis, glucose homeostasis, and postnatal growth (GeneCards ZBTB20). 
Pathogenic de novo variants in ZBTB20 are associated with autosomal dominant Primrose syndrome. 
Various microdeletions, missense, nonsense and frameshift variants have already been described (HGMD 
professional). Primrose syndrome is characterized by macrocephaly, hypotonia, developmental delay, 
intellectual disability with expressive speech delay, behavioral issues, a recognizable facial phenotype 
(amongst others brachycephaly, deeply set eyes, downslanted palpebral fissures, ptosis and large ears 
with small or absent lobes) radiographic features, and altered glucose metabolism. Additional features 
seen in adults include sparse body hair, distal muscle wasting, and contractures. Further features include 
hearing impairment, ocular anomalies, cryptorchidism, and nonspecific findings on brain MRI (Arora et al., 
2021, PMID: 33956417, GeneReviews). 

ZBTB20, c.1832G>A; p.Cys611Tyr (het.) 

ACMG/ACGS 
Criterion Points Description 

PS2 +4 

The variant has already been detected de novo in a patient with the disease, and without a positive 
family history. The number of de novo cases and other factors such as confirmed parenthood 
influence the strength of evidence. 
Alby et al., 2018, PMID: 29681083 

PS4 (supporting) +1 
The prevalence of the variant in affected individuals is significantly increased compared with the 
prevalence in controls. 
Alby et al., 2018, PMID: 29681083 

PM2 +2 This variant is absent from the gnomAD global population dataset. 

PM5 +2 
The variant results in the change of an amino acid residue, for which a different amino acid change 
p.Cys611Ser has already been described as pathogenic. 
Martínez et al., 2017, PMID: 27620904 

PP2 +1 Fewer than expected missense variants are present within the gene ZBTB20 in the general 
population, which suggests poor tolerance for missense variation in this gene. 

PP3 +1 The variant was given a pathogenic prediction. 

ACMG/ACGS 
Classification: 
pathogenic 

+11 

 

Genetic counseling should be offered with all diagnostic genetic testing, especially following the 
identification of the molecular cause of a genetic disease.  

Medical report written by: XXX  

Proofread by: XXX 

Validated by: XXX 
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With kind regards, 

 

Dr. med. Dr. rer. nat. Saskia Biskup 

Consultant for Human Genetics 

 

 

Additional Information 

Requested 
Regions 

The whole exome of the individual above was targeted and sequenced. Analysis was restricted to the 
following gene regions:  

AKT1, AKT2, AKT3, APC2, ASPA, ASXL2, BRWD3, CCND2, CDKN1C, CHD3, CHD4, CHD8, CRADD, 
DIS3L2, DNMT3A, EED, EZH2, GCDH, GFAP, GLI3, GPC3, H1-4, HEPACAM, HERC1, HRAS, HUWE1, 
KIF7, KPTN, L1CAM, MITF, MLC1, MPDZ, MTOR, NF1, NFIA, NFIB, NFIX, NONO, NSD1, PAK1, PHF6, 
PIGA, PIK3CA, PIK3R2, PPP1CB, PPP2R5B, PPP2R5C, PPP2R5D, PTCH1, PTEN, RAB39B, RIN2, 
RNF125, SETD2, SOS1, STRADA, SUFU, SUZ12, TBC1D7, TRIO, UPF3B, ZBTB20 (Macrocephaly) 

The following differential diagnoses were also taken into account in the evaluation of our sequencing data: 
Intellectual disability, X-linked non-syndromic; Intellectual disability, autosomal dominant; Intellectual 
disability, autosomal recessive 

General Remarks Additional variants may be present within regions which were not analyzed (e.g. introns, promoter and 
enhancer regions and long repeats). A lower specificity enrichment and/or inaccurate variant calling cannot 
be ruled out for homologous regions with multiple genomic copies. The occurrence of low frequency somatic 
mosaicism cannot be reliably assessed using a pipeline optimized for germline variant detection, and may 
therefore remain undetected. Moreover, detection of large deletions and duplications is not guaranteed by 
next-generation high-throughput sequencing. The classification of variants may change in the future due to 
new evidence or improvements in scientific understanding.  

Information for the 
interpretation of 
the tables 

Heredity: AD – autosomal dominant, AR – autosomal recessive, XL – X-linked, mito – mitochondrial 

MAF: The minor allele frequency describes the least frequent allele at a specific locus in a given 
population. For mitochondrial variants, the population frequency (MAF column) is based on the homoplasmic 
frequency within a reference population (gnomAD). 

Classification: Variant classification is based on ACMG, ACGS-2020v4.01, and ClinGen SVI WG guidelines 
(Richards et al., 2015, PMID: 25741868; Ellard et al., 2020, Association for Clinical Genomic Science; 
https://clinicalgenome.org/working-groups/sequence-variant-interpretation/). The weighting of criteria and 
their modification follows the current ACGS guidelines in the strength levels very strong (+ 8), strong (+/- 4), 
moderate (+/- 2), and supporting (+/- 1). According to the respective category (pathogenic or benign) and 
criterion strength, positive or negative points are assigned as mentioned above (Tavtigian et al., 2020, PMID: 
32720330). Variants of uncertain significance (VUS) are subcategorized into hot, warm, tepid, cool, cold, and 
ice cold VUS according to their likelihood of reaching a pathogenic classification in the future. Posterior 
probability decreases from 90% to 10% in this order (Ellard et al., 2020, Association for Clinical Genomic 
Science). If a variant reaches the classification pathogenic, after checking of all benign criteria, not 
necessarily all other applicable criteria are listed. 

The chromosomal positions of variants listed in the report refer to the human reference genome hg19. 

Methods Sequencing: Protein-coding regions, as well as flanking intronic regions and additional disease-relevant 
non-coding regions, were enriched using in-solution hybridization technology, and were sequenced using the 
Illumina NovaSeq 6000/NovaSeq X Plus system.  

6
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NGS based CNV-Calling: Copy number variations (CNV) were computed on uniquely mapping, non-
duplicate, high-quality reads using an internally developed method based on sequencing coverage depth 
(only applicable for nuclear encoded genes). Briefly, we used reference samples to create a model of the 
expected coverage that represents wet-lab biases as well as inter-sample variation. CNV calling was 
performed by computing the sample's normalized coverage profile and its deviation from the expected 
coverage. Genomic regions are called as variant if they deviate significantly from the expected coverage. 
Copy number variants are named according to current ISCN guidelines. NGS based CNV-Calling will not 
detect balanced rearrangements, uniparental disomy, or low-level mosaicism. Aberrations on the Y 
chromosome and in the pseudoautosomal region (PAR) cannot be detected with high accuracy. The 
integration site of duplications cannot be determined by NGS based CNV-Calling. 

Please note that next generation sequencing based detection of copy number variations has lower 
sensitivity/specificity than a direct quantification method, e.g. MLPA. Copy-neutral structural aberrations 
cannot be detected using this method (e.g. balanced translocations and balanced inversions). The absence 
of reported CNVs therefore does not ultimately guarantee the absence of CNVs.  

Computational Analysis: Illumina bcl2fastq2 was used to demultiplex sequencing reads. Adapter removal 
was performed with Skewer. The trimmed reads were mapped to the human reference genome (hg19) using 
the Burrows Wheeler Aligner. Reads mapping to more than one location with identical mapping score were 
discarded. Read duplicates that likely result from PCR amplification were removed. The remaining high-
quality sequences were used to determine sequence variants (single nucleotide changes and small 
insertions/deletions). The variants were annotated based on several internal as well as external databases.  

Diagnostic data analysis: Variants were classified and reported based on ACMG/ACGS-2020v4.01 
guidelines (Richards et al., 2015, PMID: 25741868, https://www.acgs.uk.com/quality/best-practice-
guidelines/).  

Only variants (SNVs/Small Indels) in the coding region and the flanking intronic regions (±8 bp) with a minor 
allele frequency (MAF) < 1.5% are evaluated. Known disease-causing variants (according to HGMD) are 
evaluated in up to ±30 bp of flanking regions and up to 5% MAF. Minor allele frequencies are taken from 
public databases (e.g. gnomAD) and an in-house database. If an acceptable sequencing-depth per base is 
not achieved by high-throughput sequencing, our quality guidelines demand local re-sequencing using 
classical Sanger-technology. Candidate CNV calls are evaluated manually. Potentially pathogenic findings 
are validated with a second method, like MLPA, on a case-by-case basis.  

Variants identified through single exome analysis were evaluated with reference to the indicated phenotype. 
Therefore, single heterozygous variants in genes associated with autosomal recessive inheritance may not 
have been reported.  

In this case, 97.72% of the targeted regions were covered by a minimum of 30 high-quality sequencing reads 
per base. The evaluation of variants is dependent on available clinical information at the time of 
analysis. The medical report contains all variants not classified as benign or likely benign according to 
current literature. Synonymous variants in mitochondrially encoded genes are classified as benign. In silico 
predictions were performed using the programs MetaLR (Dong et al., 2015, PMID: 25552646), PrimateAI 
(Sundaram et al., 2018, PMID: 30038395), and SpliceAI (Jaganathan et al., 2019, PMID: 30661751). This 
prediction can be complemented with additional in silico predictions in individual cases. 

Variants are named according to the HGVS recommendations without any information regarding the cis or 
trans configuration. 

The sample fulfilled our quality criteria upon arrival and during/after each processing step in the laboratory.  

The procedure described above was developed and validated in-house (Laboratory developed test; LDT).  

Communication, dissemination and usage of this report for scientific purposes is only permitted in accordance with the 
German Genetic Diagnostics Legislation. 
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CeGaT is a global provider of genetic analyses for a wide range of 
medical, research, and pharmaceutical applications.

Founded in 2009 in Tübingen, Germany, the company combines 
state-of-the-art sequencing technology with medical expertise – 
with the aim of identifying the genetic causes of diseases and 
supporting patient care. For researchers and pharmaceutical 
companies, CeGaT offers a broad portfolio of sequencing services 
and tumor analyses. CeGaT generates the data basis for clinical 
studies and medical innovations and drives science forward with 
its own insights.

The owner-managed company stands for independence,  
comprehensive personal customer service, and outstanding 
quality. CeGaT’s laboratory is accredited according to CAP/CLIA, 
DIN EN ISO 15189, DIN EN ISO/IEC 17025, and thus meets the highest 
international standards. To obtain first-class results, all processes 
are carried out in-house under scientific supervision. We would be 
pleased to provide you with our award-winning  service. 
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