Trio Exome
Diagnostics all genes
for patients with rare diseases

State of the art sequencing
▪▪ For patients with complex, unspecific, and rare diseases
▪▪ High probability of identifying the genetic cause of the patient's disease
▪▪ Comparison of patient and parents, analysis of additional family members
(e.g. siblings) possible
▪▪ Target region covers all coding genes (including flanking intronic regions)
▪▪ Average coverage: >100x coverage of >30x is achieved for more than 95% of target regions
▪▪ In-house bioinformatics – filtering for de novo, compound heterozygous, x-linked,
and homozygous (with heterozygote parents) variants
▪▪ Most up-to-date exome enrichment from Agilent (Sure Select Human All Exon V7)
▪▪ Paired-End sequencing with 2x100 bp reads
▪▪ Interpretation includes single nucleotide variants (SNVs), small insertions and deletions
(INDELs), and copy number variants (CNVs) of single and/or multiple exons

Quality Made in Germany

Case report

▪▪ Comprehensive and easy to understand medical report with
interpretation of the findings and recommendations

Patient: Six month old girl

▪▪ Issued by an interdisciplinary team of scientists and medical
doctors specialized in human genetics
▪▪ Fast results within 4 weeks

Symptoms: Congenital bone marrow failure, infections, anemia, dystrophy,
reduced number of neutrophils and thrombocytes
Familial history: Older brother with same symptoms passed away at the age
of seven months
Initial planned therapy strategy: Bone marrow transplantation

▪▪ Entire service performed in-house
▪▪ Neither samples nor data leave CeGaT
▪▪ Excellent price-performance-quality ratio

Results of Trio Exome Analysis: Homozygous mutation in the gene TCN2 (codes
for TC II, a vitamin B12 carrier protein)
Therapeutic consequences: No bone marrow transplantation, high-dose therapy
with vitamin B12  child is able to live a normal life
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Medical Report
The medical report contains the results from the
genetic testing, as requested by the referring physician.
1 Patient information
In the header, we display summarized patient information which has
been communicated to by the referring physician:

Surname
Forename
Date of birth
Sex
Patient-ID
Sample receipt
Material
Report date

CeGaT GmbH | Paul-Ehrlich-Str. 23 | D-72076 Tübingen | Germany

Dr. Physician
University hospital of capital
Physician street 1
1234 capital
Country

▪▪ Name, date of birth, sex of the patient, and external ID where
applicable

Doe
Jane
01.01.1901
Female
123456
dd.mm.yyyy
DNA (12345-12345)
dd.mm.yyyy
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cc. encrypted via email to Dr. physician, physician@clinic.com

Genetic analysis report – Doe, Jane | 01.01.1901

▪▪ Suspected diagnosis or indication for molecular genetic testing

▪▪ Request

Indication
Order

2

▪▪ Our internally assigned patient ID

Severe epilepsy and severe developmental delay, secondary microcephaly, tetraplegia, neuromuscular
scoliosis, atrophy of the cerebellum and vermis
Panel Diagnostics: Epilepsy and Developmental Delay (including Epileptic Encephalopathies)

Dear Dr. Physician,
Thank you for your request for molecular genetic analysis.

2 Results
On the first page of our report we summarize the identified genetic
changes, 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,
in silico prediction, and our classification.

RESULTS:



Detection of a pathogenic variant in gene CASK, which is most likely causative for your
patient's disease.
Detection of a probably benign variant in gene KCNT1.

Gene

Variant

CASK

c.1015+1_1015+2ins(33); p.?

Zygosity

Heredity

MAF (%)

in silico Prediction

het.

XL

-

-

Classification
pathogenic

Information for table interpretation:
AD: Describes a trait or disorder requiring only one copy of a gene variant at a particular locus in order to express an observable
phenotype. Single heterozygous gene variants can only be causative for the phenotype if the disorder follows an autosomal
dominant mode of inheritance.
AR: Describes a trait or disorder requiring the presence of two copies of a gene variant at a particular locus in order to express an
observable phenotype. In autosomal recessive disorders, a single heterozygous variant in one gene cannot by itself be causative
for the observable phenotype.
XL: X-linked mode of inheritance
MAF: The minor allele frequency describes the least frequent allele at a specific locus in a given population. The less frequently a
variant occurs, the more likely it is pathogenic; however, the prevalence and mode of inheritance of any particular disease must be
considered.
in silico Prediction: The ACMG (American College of Medical Genetics) guidelines recommend using several prediction programs
to assess the possible pathogenicity of variants of unknown clinical significance (VUS). Each program calculates its predictions
based upon different criteria, and the correspondence between a prediction and the actual functional effect of a variant ranges
between 60-80%. These predictions may therefore not serve as the sole basis for the evaluation of pathogenicity.
Classification: Refers to the possible pathogenicity of a variant, but does not necessarily provide clear evidence of clinical
significance. Variants are evaluated based upon current data and specific criteria, and are then classified as follows: known
pathogenic, probably pathogenic, variant of unknown clinical significance, or probably benign. All variants for which clinical
relevance cannot be conclusively confirmed or excluded are referred as variants of unknown clinical significance.
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INTERPRETATION:
CASK, c.1015+1_1015+2ins(33); p.? (het.), NM_003688.3:

Just below the table, we provide details to aid in the interpretation of the
information in the table.

OMIM / Reference

Phenotype

Heredity

300422

FG syndrome 4 (FGS4)

XL

300749

Mental retardation and microcephaly with pontine and cerebellar hypoplasia (MICPCH)

XL

300422

Mental retardation, with or without nystagmus

XL

The CASK gene encodes a calcium/calmodulin-dependent serine protein kinase. Pathogenic variants in
this gene can cause different forms of X-linked mental retardation and FG syndrome with recessive and
dominant inheritance. Moreover, in some cases epileptic encephalopathy phenotypes like Ohtahara
syndrome and West syndrome have been associated with CASK (Saitsu et al., 2012, PMID: 22709267;
Michaud et. al., 2014, PMID: 24781210). Moog and colleagues (2011, PMID: 21954287) analyzed 20 girls
with loss-of-function variants in CASK. All variants in patients with parental information were shown to be
of de novo origin. The phenotypes were quite similar, including moderate to severe disturbances of
psychomotor development with poor growth, hypotonia, lack of speech, dysmorphic features, and severe
microcephaly. It has been suggested that variants which do not lead to a complete loss-of-function
correlate with milder forms of the disease (Moog et al., 2015, PMID: 25886057).

3 Interpretation

3

The detected variant c.1015+1_1015+2ins(33) in the CASK gene is located in an essential splice site and
is therefore expected to have a deleterious effect on splicing. It is not listed with a known allele frequency
in the reference databases (see table). Almost all of the described pathogenic variants in CASK follow a
loss-of-function mechanism (HGMD Professional).

In this paragraph, we summarize the current state of scientific literature
for the variants found and discuss them in relation to the patient. The
more clinical information that is provided by the referring physician, the
more accurate and precise our evaluation can be. This is of particular
importance with findings from panel or exome sequencing, as variants
may be identified which do not yet have a clear clinical association.

Due to the type of alteration found and the association of the CASK gene with the described
clinical features of your patient, we assume that the identified variant is most likely causative for
your patient's phenotype.

Due to the presumed causative nature of the detected variant in gene CASK, detailed descriptions of the
variant found in gene KCNT1 have not been provided. However, the variant is listed in the following table.
For further discussions, feel free to contact us at any time.
Gene

4

KCNT1
NM_020822.2

Variant

Zygosity

dbSNP

MAF (%)

in silico Prediction

het.

rs149452823

0.03

no splice effect

c.2454C>T; p.=
OMIM / Reference
615005
614959

Phenotype
Nocturnal frontal lobe epilepsy 5 (ENFL5)
Early infantile epileptic encephalopathy 14 (EIEE14)

Classification
probably benign
Heredity
AD
AD

Next-generation high-throughput sequencing is a cost-effective method to test for pathogenic variants in
disease-associated genes. We cannot rule out the unlikely possibility that variants may have been missed
in regions analyzed only by next-generation high-throughput sequencing. Moreover, detection of large
deletions and duplications is not guaranteed by next-generation high-throughput sequencing. Variants
may also 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

We then explain in a concluding summary sentence the strength of the
evidence and associations with the clinical features of the patient.
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cannot be reliably assessed using a pipeline optimized for germline variant detection, and may therefore
remain undetected. Based upon our sequencing data we did not detect any large deletions or duplications
within or covering the analyzed genes. Due to the rapid growth of scientific knowledge, the interpretation
of variant pathogenicity may change in the future.

4 Variants of unknown significance

5

CLINICAL SIGNIFICANCE:

In some cases, the second table may also be employed to indicate further
variants which may have an unclear association with the indicated
disease. Variants will be placed in one of the two tables based upon,
but not limited to; published data, frequency in the normal population,
and pathogenicity predictions given by several pathogenicity prediction
algorithms. These data are used to make an assessment on the role
of the gene in disease, and the potential changes to the function of the
expressed protein.

Individual variants have a 50% probability of being passed on to each respective offspring.
Your patient is a heterozygous carrier of a pathogenic variant in the CASK gene.

RECOMMENDATION:
To determine whether the detected variant in the CASK gene arose de novo in your patient, carrier testing
of both parents is recommended.
These results should be communicated by a human geneticist or by a genetic counselor. If you have any
further questions please do not hesitate to contact us.
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With kind regards,

Dr. med. Dr. rer. nat. Saskia Biskup
Dr. med. Dennis Döcker

Dipl. Biol.
Xxxxx Xxxxx

Dipl. Biol.
Xxxxx Xxxxx

Dr. rer. nat.
Xxxxx Xxxxx

Consultant for Human Genetics

Diagnostics

Diagnostics

Diagnostics

5 Genetic relevance
In this section, we explain the inheritance patterns; the possibility of
other similarly affected family members, the risk of disease recurrence
in the family, and the extent to which other family members may be
unaffected carriers.
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Methods

AARS, ALDH7A1, ALG13, AMT, AP3B2, ARHGEF9, ARV1, ARX, BRAT1, CACNA1A, CAD, CASK, CDKL5,
CHD2, CLCN4, CNNM2, DDX3X, DENND5A, DNM1, DOCK7, EEF1A2, FGF12, FOXG1, FRRS1L, GABRA1,
GABRB1, GABRB2, GABRB3, GAMT, GLDC, GNAO1, GNB1, GRIN1, GRIN2A, GRIN2B, GRIN2D, HACE1,
HCN1, HNRNPU, IQSEC2, ITPA, KCNA2, KCNB1, KCNQ2, KCNT1, KIAA2022 (NEXMIF), MBD5, MBOAT7,
MDH2, MECP2, MEF2C, MOCS1, MOCS2, NECAP1, PACS2, PCDH19, PIGA, PLCB1, PNKP, PNPO, POLG,
PROSC (PLPBP), PURA, QARS, ROGDI, SCN1A, SCN2A, SCN8A, SIK1, SLC12A5, SLC13A5, SLC1A2,
SLC25A12, SLC25A22, SLC2A1, SLC35A2, SLC6A1, SLC6A8, SLC9A6, SMC1A, SPTAN1, ST3GAL3,
ST3GAL5, STXBP1, SYNGAP1, SYNJ1, SZT2, TBC1D24, TCF4, TPP1, TSC1, TSC2, UBA5, UBE3A, WDR45,
WWOX, ZEB2 (Epilepsy and Developmental Delay (including Epileptic Encephalopathies))
Sequencing: The coding and flanking intronic regions were enriched using the Agilent in solution technology and
were sequenced using the Illumina HiSeq/NovaSeq system. At least one causative or rare variant is resequenced
using conventional Sanger sequencing, providing a second, independent confirmation.
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. Briefly, we used
reference samples to create a model of the expected coverage that represents wet-lab biases as well as intersample 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. Please note that next generation sequencing based detection of copy number variations has
lower sensitivity/specificity than a direct quantification method, e.g. MLPA. The absence of reported CNVs therefore
does not ultimately guarantee the absence of CNVs.

To address any remaining ambiguities regarding the causality of
the variant, this section has space for additional recommendations.
This could be further clinical investigations which may indicate the
pathogenicity of the identified variants, or further molecular genetic
tests for both affected and unaffected family members (e.g. segregation
analysis).

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: 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. Candidate CNV calls are evaluated manually.
Potentially pathogenic findings are validated with a second method, like MLPA, on a case by case basis.
In this case, 99.04% of the targeted regions were covered by a minimum of 30 high-quality sequencing reads per
base. The medical report contains all variants with a MAF < 1% (in genes with autosomal recessive heredity) or
< 0.1% (in genes with dominant heredity), not including variants classified as benign according to current literature.
In silico prediction of variants listed in the chart above is calculated on the basis of the output of the programs
Mutation Taster, fathmm, Mutation Assessor, SIFT, fathmm-MKL coding, LRT, and PROVEAN according to the
following criteria: 100% consensus = pathogenic/benign, ≥ 75% consensus = mostly pathogenic/benign, consensus
< 75% or no prediction possible = inconsistent. For assessing the consequences of variants on splicing, two
algorithms are applied (Jian et al., 2014, PMID: 25416802) which are complemented with additional in silico
predictions in individual cases.
A list of all analyzed variants is available upon request. 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 to
applicable law (GenDG).

7 Additional information
At the end of the report we present technical information. This includes
information such as technology used and bioinformatic parameters.
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