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Clinical Genomics Lab (CGL)
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https://www.unimedizin-

ffm.de/einrichtungen/institute

https://www.unimedizin-ffm.de/einrichtungen/institute
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Office space

Laboratory rooms

Building 9A

400qm2

Clinical Genomics Lab

• Molecular Pathology • Human Genetics
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Clinical Genomics Lab
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Genetik I + II
TED- Umfrage

I) Basic Principles:

-Molecular Diagnostics

-Molecular Pathology

-Human Genetics

-Overview: Workflow in Routine Diagnostics

-Tissue Sources

-Chromosomes, Genes and Proteins

-Overview: Technical Aspects

II) Chromosomal Variations

-Chromosome Analysis

-FISH

-Array

-Karyotypes (female / male)

-Syndromes

III) Inheritance Patterns

- Pedigree

IV) Cancer

-Molecular Pathology meets Human Genetics

-Sanger Sequencing

-NGS

-BRCA1/2

-Classification System

-Reporting

31.10.24

10:30 – 11:15
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Molecular Pathology vs. Human Genetics

 Human Genetics (HG): simple Mendelian and the 

complex inheritance of different genetic diseases
 Syndromes

 Cancer

 Prenatal Diagnostics

 Reproduction

 Molecular Pathology (MP): study of specific somatic 

molecular alterations which lead to diseases
 Pathogen diagnostics (viruses, bacteria, fungi)

 Cancer (analysis of genetic alterations)

7

germline

somatic
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Molecular Pathology vs. Human Genetics

https://www.bcgsc.ca/news/tumor-sequencing-panel-screens-both-somatic-

and-germline-changes-clinical-significance
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- Diagnosis

- Therapy

- Prognosis

- Detection of inherited genetic alteration / risk

assessment
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…….identify and report alterated molecules from blood 

or other biological samples

Clinical Genomics Lab

• Molecular Pathology • Human Genetics
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Molecular Diagnostics: Source of Tissue

somatic vs

germline

 Surgery

 Biopsy

 Cytology

 Autopsy

 Blood draw

..processed any number of ways

Fresh

Frozen

*FFPE

Plasma 

Whole blood

- primary or metastatic FFPE tissue

available

MP

MP

MP

HG

© Melanie Winter

*formalin-fixed and paraffin embedded tissue
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cfDNA
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*Circulating Plasma Cell-free DNA 

germline Analysis

https://plasma4.life/plasma-pdts

Molecular Diagnostics: Source of Tissue
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Molecular Pathology vs. Human Genetics
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MP HG

• similar techniques for the detection of genetic

alterations

Quality of

DNA/RNA

Quality of

DNA/RNA
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Overview: Workflow in Routine Diagnostics

13

Distinct sources of
tissue

DNA/ RNA 
extraction

Analysis Interpretation
Integrated 

report

FFPE

Plasma

Blood

histopathology and

tumour selection
MP

HG
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Source of Tissue Processed in Pathology
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Video
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Source of Tissue Processed in Pathology

Video
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Distinct sources of
tissue

DNA/ RNA 
Extraction

Analysis Interpretation
Integrated 

Report

Overview: Workflow in Routine Diagnostics
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FFPE

Plasma

Blood

Histopathology and

tumour selection
MP

HG
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Gendiagnostikgesetz - GenDG
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Gendiagnostikgesetz - GenDG
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Distinct sources of
tissue

DNA/ RNA 
extraction

Analysis Interpretation
Integrated 

report
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Distinct sources of
tissue

DNA/ RNA 
Extraction Analysis Interpretation

Integrated 
Report

Molecular Diagnostics: Quality Assurance

19

- DIN EN ISO/IEC 15189:2023 

- DIN EN ISO/IEC 17020:2021
+ + - Subject-specific guidelines

- Recommendations of

consortia
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 Central dogma (Francis Crick) 

Molecular biology:
Chromosomes, Genes and Proteins

Nucleus

Cytoplasm

• Mutations (point mutations, deletions, insertions)

• Chromosomal (translocation, inversion, gain, lost, polyploidy)

• Epigenetics (methylation)
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Common Techniques in Molecular

Diagnostics

Mutation Events (i.e.):

• Deletion

• Insertion

• Translocation

• Duplication

• Combined

mutations/other

complex ones
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Molecular Diagnostics: Mutations

22

DNA structure

https://theory.labster.com/structure-dna/

• Codon:  three nucleotide sequence that codes for one amino acid
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Molecular Diagnostics: Mutations

23

https://www.genome.gov/genetics-glossary/Mutation

https://testbook.c

om/biology/chro

mosomes

https://www.diabetesade.com/anti-aging/der-

genetische-code.html



Universitätsmedizin Frankfurt/ 29.10.2024/ Dr. Melanie Winter (- Demes)©

©
 M

. 
W

in
te

r

Current Molecular Testing Situation:

Single Gene vs Gene Panels

24

2000                 2010                        2020                       2025                

Next Generation Sequencing
1st Generation Sequencing
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Chromomal Structure and Meiosis
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https://testbook.com/biolog

y/chromosomes
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Chromosome Failure
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https://old-ib.bioninja.com.au/standard-level/topic-3-genetics/33-meiosis/non-

disjunction.html
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Chromosome Failure: Non-Disjunction

• Failure of chromosomes (chr.) to separate:

• Failure of homologues chr. to separate (resulting in 

four affected daughter cells)

• Failure of sister chromatids to separate (resulting in 

only two daughter cells being affected)

27

Conditions that arise from non-disjunction events include :

• Patau’s Syndrome (trisomy 13)

• Edwards Syndrome (trisomy 18)

• Down Syndrome (trisomy 21)

• Klinefelter Syndrome (XXY)

• Turner’s Syndrome (monosomy X)

•…………
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Chromosomal Structual Events
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https://www.genome.gov/genetics-glossary/Mutation
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Chromosome Analysis – FISH Diagnostics

29



Universitätsmedizin Frankfurt/ 29.10.2024/ Dr. Melanie Winter (- Demes)©

©
 M

. 
W

in
te

r

Array Comparative Genomic Hybridisation 

(CGH)

 test DNA and normal reference DNA are 

differentially labeled with cyanine-5 and 

cyanine-3 respectively 

+ competitively hybridized to a genomic 

microarray

 array consists of DNA targets selected to 

span chromosome regions or the entire 

genome

 the ratio of the two fluorescence signal 

intensities reflects the relative copy 

number at that target

30

Trisomy 4 Wolf-Hirschhorn-Syndrome,

DOI:10.1186/1755-8166-7-43
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Chromosome Analysis: Normal Karyotype

31

…..looks at the size, shape, and number of chromosomes in a sample 

of cells
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Chromosome Abnormalities

 Aneuploidy: gain or loss of one or more

chromosomes, but not a complete set

 Monosomy: loss of a single chromosome from a diploid 

chromosome

 Trisomy: gain of one chromosome in a diploid genome

 Euploidy: possession of multiples of the haploid set of

chromosomes

 Polyploidy: possession of more than two sets; triploid 

-> three sets; tetraploid ->four sets

32

Variations in Chromosome Number

-> Ploidy

Inter-/Intrachromosomal Variations
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Terminology für Variation in Chromosome

Numbers

33

https://www.bio3400/aneuploidy.html
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Chromosome Failure: Down Syndrome

34

https://ndss.org/about



Universitätsmedizin Frankfurt/ 29.10.2024/ Dr. Melanie Winter (- Demes)©

©
 M

. 
W

in
te

r

35

Chromosome Failure: Down Syndrome

Genetikum. Birgit Zirn
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Chromosome Failure: Down Syndrome

 Mosaic Down Syndrome: extra copy of chromosome 

21 in only some of the body's cells

 Trisomy 21: each cell in the body has three copies of 

chromosome 21

 Translocated Trisomy 21: part of chromosome 21 

becomes attached (translocated)

36

https://wecapable.com/down-syndrome-types-causes-symptoms-treatment/
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Karyotype: Down Syndrome – Trisomy 21
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Karyotype: Down Syndrome –

Translocation Trisomy 21
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Genetik II
TED- Umfrage

I) Basic Principles:

-Molecular Diagnostics

-Molecular Pathology

-Human Genetics

-Overview: Workflow in Routine Diagnostics

-Tissue Sources

-Chromosomes, Genes and Proteins

-Overview: Technical Aspects

II) Chromosomal Variations

-Chromosome Analysis

-FISH

-Array

-Karyotypes (female / male)

-Syndromes

III) Inheritance Patterns

- Pedigree

IV) Cancer

-Molecular Pathology meets Human genetics

-Sanger Sequencing

-NGS

-BRCA1/2

-Classification System

-Reporting

31.10.24

10:30 – 11:15
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 Fragen?

Homepage

https://www.unimedizin-ffm.de/einrichtungen/institute/sph

Nächste Vorlesung „Genetik II“ am 31.10.24, 10:30 – 11:15

40

T +49 69 6301 - 5422

M +49 176 83180368

Melanie.Winter@unimedizin-ffm.de

AG Winter (Translationale experimentelle Molekulare Diagnostik)

https://www.unimedizin-ffm.de/einrichtungen/institute/sph

