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Cytogenomic technologies for acquired and constitutional disorders 

• Karyotyping

• FISH

• Microarray and shallow whole genome sequencing

• QF-PCR

• NIPT





Karyotyping: lymphocytes



Constitutional
• Blood
• Fibroblasts
• Amniocytes
• CVS
• EBV celline
• (miscarriage)

Acquired
• Bone marrow
• (maligne) blood

Karyotyping



800 bands → 400 bands

G-bands per haploid karyotype

prophase → pro-metaphase → metaphase



Constitutional blood – short term culture



46,X,i(Y)(p10)

Constitutional blood



Bone marrow



Prenatal amniocytes



Resolution is dependent on tissue type and culture conditions

Interpretation by skilled personnel

Many manual laboratory steps

Karyotyping





• 47,XY,+21

• 45,XX,der(13;21)(q10;q10)

• 46,XY,der(13;21)(q10;q10),+21

• 45,X

• 46,XY,t(6;9)(q24;p23)

• 46,XY,der(6)t(6;9)(q24;p23)dmat

• 46,XY,del(6)(q24q31)

• 46,XY,inv(7)(p14q25)

• 46,XY,inv(17)(q12q22)

• 47,XXY,del(22)(q11.2)

• 46,XX,del(9)(ptelp23)

ISCN: examples of abnormal karyotypes



Vermeesch, Nat Gen Rev, 2016

trisomy 21

Fluorescent in-situ hybridization (FISH)
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Indication: implantation failure

L1801919 (V)



FISH: chr10 = green; chr9 = red

chr10 = green; chr 14 = red

46,XX,ins(9;10)(p22;q11.2q21.2),t(10;14)(q?;q32.3)





unpublished



FISH Philadelphia chromosome
Dual Fusion Translocation Probe



QF-PCR

• Fast, multiplex PCR

• Aneuploidy detection for chromosome 13, 18, 21, X and Y

• Maternal contamination

• (Low) mosaicism not detectable

• Structural rearrangements not detectable

• Excercise: diagnosis? 

• Tip: marker D13Sxxx = marker from chr 13, D18Sxxx = marker from
chr 18 etc.





Array Comparative Genomic Hybridization (aCGH)



arr[GRCh37] 22q11.21(18915001_21465000)x1



chr 22



Prenatal genomic microarray



List susceptibility loci https://www.college-genetics.be/

To report

Not to report



Single Nucleotide Polymorphism array (SNParray)

Stosic et al 2017

SNP genotyping:

- UPD analysis
- homozygosity mapping





Reference genome build

Mapped sample reads

Lennart Raman



Reference genome build

Mapped sample reads

Split in bins (defined by ‘bin size’)

Lennart Raman



Reference genome build

2 2 2 3 6 5 6 4 1 1 1 2 2 3

Mapped sample reads

Split in bins (defined by ‘bin size’)

Count

Lennart Raman



Reference genome build

2 2 2 3 6 5 6 4 1 1 1 2 2 3

Mapped sample reads

Split in bins (defined by ‘bin size’)

Count

Normalize: log2, median centering, mappability (*), gc-content (*), blacklist (*)
(*) depended on reference

duplication deletion

median

Lennart Raman



The cytogenomics toolbox: an example

° 2018
Developmental delay
Language delay

° 2020
Developmental delay
Overgrowth

sseq[GRCh38] 2p25.3(15001_3315000)x1 

sseq[GRCh38] 11q25(132195001_135075000)x3



?



 FISH:

#2 + #11 2ptel + 11qtel

→ 46,XY/XX.ish der(2)t(2;11)(p25.3;q25)



46,XX.ish t(2;11)(p25.3;q25)

46,XX.ish der(2)t(2;11)(p25.3;q25)dmat 46,XY.ish der(2)t(2;11)(p25.3;q25)dmat

46,XY

?

?

G1 36+ wks



Non-invasive prenatal testing (NIPT)

Vermeesch, Nat Gen Rev, 2016



maternal age
+

1st trimester screening

75 – 85% sensitivity

5% false positives

NIPT

Pös, F1000 res, 2019



Percentage of pregnancies with a fetal or maternal 
imbalance from first-tier genome-wide NIPT.

NIPT in Belgium





NIPT chr 18 in detail

Amniocentesis (15w GA) chr 18 in detail
NT=3,6mm





maternal duplication as reason for false positive

Z13 = 5.41     → trisomy 13

FF = 12.3% 
Dheedene et al. Pren. Diagn. 2016





“incidental” findings in the mother



NIPT: suspicion maternal
malignancy

Molecular karyotype: 
Resection polyp



→ Liquid biopsy


