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Karyotyping FISH LPS or aCGH/SNPa

OGM PCR

(Classical PCR, RT-PCR, Q-
PCR, ddPCR, …)

NGS targeted gene panel

Current routine cytogenetic and molecular genetic testing procedures



Optical Genome Mapping



Optical Genome Mapping







Extraction of UHMW DNA Label DNA at specific motifs Transfer labeled DNA into Chip 

Bone marrow or blood (if invaded)Count WBC and take  1,5 million cells

Optical Genome Mapping: wet laboratory workflow



Optical Genome Mapping: wet laboratory workflow
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OGM requires extremely long molecules

Only dsDNA molecules that are longer than 150 kbp are assembled

Sample selection, proper storage and preservation are critical

OGM: not validated for use on:

         - cytogenetic fixed pellets

         - formaline fixed specimens (FFPE)

         - DNA from conventional DNA extraction methods



Extraction of UHMW DNA Label DNA at specific motifs Transfer labeled DNA into Chip 

Bone marrow or blood (if invaded)Count WBC and take  1,5 million cells

Optical Genome Mapping: wet laboratory workflow



Length of DNA molecules: 
150kb – 2.5Mb, 

median size >350 kb

DNA couterstaining
DLS labels 

OGM is not sequencing based: visualisation of intact DNA molecules



Optical Genome Mapping: data analysis: De Novo Assembly Pipeline

Raw Image Data: Direct 
observation of DLS 
labels on long DNA 

molecules 
(150 kb up to 3 Mb)

Algorithms convert the raw 
images into .bnx files

=> population of molecules

Algorithms align different 
molecules for constructing 
Consensus Genome Maps
(.cmap files)

Cross mapping across 
a Reference

• Copy Number Aberration 

(CNA) profile
• Structural Variant 

(SV)

insertion
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Optical Genome Mapping: data analysis: Rare Variant Analysis Pipeline

Raw Image Data: Direct 
observation of DLS 
labels on long DNA 

molecules 
(150 kb up to 3 Mb)

Algorithms convert the raw 
images into .bnx files

=> population of molecules

Single molecule alignment to 
the reference

Local alignment to 
reference to confirm 

SV

• CNA profile
• SV

insertion

Molecules with SVs are 
clustered
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Optical Genome Mapping: calling structural aberrations

Reference genome (green)

OGM map sample (blue)

GAINS/LOSSES COPY NUMBER CHANGES BALANCED

Deletion

Insertion

Repeat array expansion Translocation

Tandem duplication Inversion



Optical Genome Mapping: calling structural aberrations

Reference genome (green)

OGM map sample (blue)

GAINS/LOSSES COPY NUMBER CHANGES BALANCED

Deletion

Insertion

Repeat array expansion Translocation

Tandem duplication Inversion



Submicroscopic deletion size 82 kb: STIL::TAL1

t(11;14)(p13;q11.2) 
 LMO2-TRA

OGM data visualisation: cancer: whole genome circos plot – whole genome CNA view

SV track:     
     Insertion
     Deletion
     Inversion
     Duplication
     Translocation

Cytogenetic bands

CNA profile
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t(11;14)(p13;q11.2) 
 TRA::LMO2

Whole genome circos plot

Whole genome CNA view



Method validation:

(1) determining the type and number of samples to be tested;

(2) establishing test performance (e.g., analytic sensitivity, analytic specificity, 
accuracy and precision); 

(3) demonstrating test reproducibility; 

(4) determining the lower limit of detection (LLOD). 

VALIDATION



• OGM = 

=> novel

=> genome-wide

• A sample size of 59 would produce sufficient data for complex genomic assays

• Test additional samples for each specific clinical indication

• Normal samples and samples with different SV types

• Test CNA’s, aneuploidies, balanced and unbalanced translocations, insertions, 
inversions, insertions, … 

• Test different sample types (blood, bone marrow, different tissue types, CD138+ 
enriched cell suspension, …)

VALIDATION: cohort size and specimen types



• Performance: you expect a sensitivity, specificity, precision and accuracy of >90% 
comparing OGM to SOC methods 

Expected test performance



• Performance: you expect a sensitivity, specificity, precision and accuracy of >90% 
comparing OGM to SOC methods 

Expected test performance

Take into account the limitations of the technologies:
- OGM technology 
- and all the other methods you compare with!! (e.g.: CBA detects CNA’s starting from 5-10 Mb)

=> Often orthogonal confirmation using alternate methods will be required to confirm!
Make sure you have those technologies available: e.g. CBA, FISH, RNAseq, specific PCR’s, …



• Intra-run

• Inter-run

• Inter-instrument

• Inter-technologist

• Inter-analist

Measure both: 

- technical performance: QA parameters

- analytical performance: reported variants

OGM reproducibility



• LLOD should be assessed for the different variant classes

- dilution series of cells

- dilution series of DNA

- in silico LLOD determination

Importantly: LLOD is dependent on:

- quality of the DNA

- the coverage

OGM limit of detection



• You may re-use the samples of the technical validation

• Determine the diagnostic yield

=> use clinically relevant abnormal results for each subtype of hematological
malignancies (WHO, ICC, …) + normal cases

=> check concordance between OGM and SOC methods

• Include success rate, TAT, cost, … to assure the clinical benefits for the patient

• At the stage of implementation: do not forget to include a risk inventory!

Clinical validation



• Samples

• Pre-analytical quality parameters

• Analytical quality parameters

• Post-analytical quality parameters

Quality control parameters



• Samples

- peripheral blood or bone marrow: collected in EDTA or in heparin (add DNA stabilizer 
asap)

- for longer storage: samples should be frozen at -80°C

- prepare multiple aliquots for storage

Quality control parameters



• Pre-analytic phase

- prevent DNA shearing during processing of the sample: never pipet the DNA harshly, 
never vortex it, …. It usually is viscous.

- make sure your DNA is homogeneous

- implement procedures to exclude sample mix-ups

Quality control parameters



• Pre-analytical phase

Quality control parameters



• Pre-analytic phase

- DNA isolated from frozen bone marrow aspirates: take longer to homogenize, may 
have lower N50 values

=> dead cells are present: generate degraded DNA and have protein contaminants

=> improve the quality by: 

• including a centrifugation step

• by including apoptotic cell selection kits

• by sorting out the live cells (flow cytometry, microfluidics, …)

Quality control parameters



Quality control parameters during the analytical phase

=> monitoring “in real time” during the run: Bionano Access Dashboard

DNA per scan (Gb) & Map Rate (%)

Quality control parameters



Quality control parameters during the analytical phase

=> monitoring “in real time” during the run: Bionano Access Dashboard

DNA per scan (Gb) & Map Rate (%)

Quality control parameters



• Post-analytical quality parameters

The analysis pipeline also generates a “informatics report”

=> check it to determine if the data meets the quality criteria established by your lab

Quality control parameters



• Bioinformatic pipelines

Quality control parameters

Lower size limit LOH LLOD

De Novo Assembly 500 bp yes 20-25% VAF

RVA 5 kb
• Insertions: 5-50 kb
• Deletions: > 7 kb
• Translocations: ≥ 70 kb
• Inversions: ≥ 100 kb
• Duplications: ≥ 150 kb

no 5% VAF at 300x coverage

=> the “De Novo Assembly” pipeline is required for the analysis of Acute Lymphoblastic Leukemia cases!!!
=> the best is to also run an RVA to be able to pick up the aberrations present at low VAF

=> for other hematological malignancies: usually the RVA alone is sufficient



Example 1: OGM identified hyperdiploidy in a B-ALL case with “normal” karyotype
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▪ Female, 18 years old
▪ 69% blasts in blood
▪ Karyotype: normal: late sample receipt



Example 1: OGM identified hyperdiploidy in a B-ALL case with “normal” karyotype
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▪ Female, 18 years old
▪ 69% blasts in blood
▪ Karyotype: normal: late sample receipt
▪ FISH: monoallelic loss of 9q34 and 12p13 and monosomy 7 
▪ CGH array: 36,XX,-2,-3,-4,-7,-9,-12,-13,-16,-17,-20

=> low hypodiploidy
=> high risk



Aberrations with clinical significance in terms of risk:

Treatment protocols in ALL require extensive genetic testing: 

• recurrent structural rearrangements
• whole chromosome CNA
• submicroscopic deletions

Table 1
Adeapted from: Cancer cytogenetics: Chromosomal and Molecular Genetic 
Aberrations of Tumor Cells, Foutrh Edition.  Page 202-204.

t(7;10)(q34;p24) TRB::TLX1*  

t(8;14)(q24;q32) IGH::MYC  

t(8;14)(q24;q11) IGL::MYC  

dic(9;12)(p13;p13) PAX5::ETV6

t(10;14)(q24;q11) TRA/TRD::TLX1*  

t(12;21)(p13;q22) ETV6::RUNX1

del(21)(q22.2) ERG  

t(2;8)(p11;q24) IGK::MYC  

t(1;19)(q23;p13) TCF3::PBX1  

15q13-15 rearrangements

t(X;14)(p22;q32)/t(Y;14)(p11;q32) IGH::CRLF2

del(X)(p22.33)/del(Y)(p11.32) P2RY8::CRLF2

t(5;9)(q22;q34) SNX2::ABL1  

t(5;14)(q35;q32) BCL11B::TLX3  

del(7p12.2) IKZF1

t(7;19)(q34;p13) TRB::LYL1

dic(9;20)(p13;q11) PAX5  

del(9)(p23.3) CDKN2A°

t(9;22)(q34;q11) BCR::ABL1^

10p12 aberrations MLLT10  

11q23 aberrations KMT2A

t(14;18)(q32;q21) IGH::BCL2  

t(17;19)(q22;q13) TCF3:HLF^  

High hyperdiploidy (>50chr) 

TAL1 abnormalities]        

Near haploidy (25-29 chr)

Low hypodiploidy (30-39 chr)

High hypodiploidy (<44, poor)

Trisomy 5

del(5)(q32q33.3) EBF1, PDGFRB



After correction (baseline reset): 36,XX,-2,-3,-4,-7,-9,-12,-13,-16,-17,-20
=> low hypodiploid karyotype
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Example 1: correction baseline based on zygosity of structural variants
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Copy number

Chromosome 2 Chromosome 17



Example 2: correction baseline based on zygosity of structural variants

▪ Male, 63 years old
▪ 90% blasts in bone marrow
▪ Flow: pre-B-ALL
▪ Karyotype: 
36,XY,-2,-3,-4,del(5)(q31q33),-7,-9,-13,-15,-16,-17,-20,-22,+mar,inc[6]/46,XY[7]

▪ Low hypodiploid clone. Prognosis: adverse. Add NGS to exclude TP53 mutation



Example 2: correction baseline based on zygosity of structural variants

▪ Male, 63 years old
▪ 90% blasts in bone marrow
▪ Flow: pre-B-ALL

If you only run the RVA:
Seems like hyperdiploidy: gain of multiple 
chromosomes: gain of #1, gain of #8, etc



Example 2: correction baseline based on zygosity of structural variants

▪ Male, 63 years old
▪ 90% blasts in bone marrow
▪ Flow: pre-B-ALL

If you run the De Novo:

Indicates that there is LOH of chromosomes 2, 3, 4 etc … 
Indication for hypodiploidy cfr conventional karyotype!



Example 2: correction baseline based on zygosity of structural variants

▪ Male, 63 years old
▪ 90% blasts in bone marrow
▪ Flow: pre-B-ALL

If you run the De Novo:

Indicates that there is LOH of chromosomes 2, 3, 4 etc … 
Indication for hypodiploidy cfr conventional karyotype!



After correction (baseline reset): 
Karyotype occording to OGM: 36,XY,-2,-3,-4,del(5)(q31.1q33.3),-7,-9,-13,-15,-16,-17,-20,(22p11.2q13.1)cth,del(22)(q13.1q13.33)
WHO: "B-lymphoblastic leukaemia/lymphoma with low-hypodiploidy". 

gains
losses

Example 2: correction baseline based on zygosity of structural variants
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Example 3: detection of small deletions: e.g. the one leading to the CRLF2::P2RY8 fusion

▪ Male, 13 years old
▪ 90% blasts in bone marrow
▪ Flow: B-ALL relapse
▪ Karyotype: 

39-48,XY,der(5)t(5;?10)(q3?;q?),?t(6;13)(p21;q14),del(7)(p11) or der(7)t(7;15)(p11;q26),add(12)(p13),del(12)(p12),add(15)(q26) or
der(15)t(7;15)(p11;q26),-16[3],?add(16)(p13)[7],+mar1,+mar2[3],inc[cp10]//46,XX[4]   
In total: 4/80 mitoses with donor hematopoiesis

▪ Conclusión: persisting aberrations with clonal evolution



Example 3: detection of small deletions: e.g. the one leading to the CRLF2::P2RY8 fusion

▪ Male, 13 years old
▪ 90% blasts in bone marrow
▪ Flow: B-ALL relapse
▪ OGM/Bionano: Rare variant pipeline: very complex pseudodiploid karyotype comparable to the conventional karyotype

Yp11.32: completely normal

Xp22.33: completely normal



Example 3: detection of small deletions: e.g. the one leading to the CRLF2::P2RY8 fusion

▪ Male, 13 years old
▪ 90% blasts in bone marrow
▪ Flow: B-ALL relapse
▪ OGM/Bionano: De Novo Assembly pipeline: very complex pseudodiploid karyotype comparable to the conventional karyotype
▪ De Novo Assembly detects a deletion on Xp22.33 and Yp11.32: resulting in the CRLF2::P2RY8 fusion gene!

Yp11.32: CRLF2::P2RY8

Xp22.33: CRLF2::P2RY8



Example 3: detection of small deletions: e.g. the one leading to the CRLF2::P2RY8 fusion

▪ Male, 13 years old
▪ 90% blasts in bone marrow
▪ Flow: B-ALL relapse
▪ the CRLF2::P2RY8 fusion was confirmed with FISH 

FISH using the probe: XL CRLF2 DC BA [Xp22-Yp11, Metasystems] on 200 interphase nuclei and 10 metaphases:
- an unbalanced rearrangement of Yp11/CRLF2, with loss of the 5’cen CRLF2 signal in ~90% of nuclei and 7/10 metaphases
- 3/10 metphases with female karyotype (donor cells)
➔ FISH confirmed the cytogenetic cryptic deletion on Yp11, seen with OGM and leading to CRLF2::P2RY8



Example 3: detection of small deletions: e.g. the one leading to the CRLF2::P2RY8 fusion

▪ Male, 13 years old
▪ 90% blasts in bone marrow
▪ Flow: B-ALL relapse
▪ the CRLF2::P2RY8 fusion was confirmed with FISH

▪ WHO entity: "B-lymphoblastic leukaemia/lymphoma, BCR-ABL1-like", 
prognosis: adverse. 

▪ Important remark: regions Xp22.33 and Yp11.32 need a visual inspection for 
all ALL cases: sometimes the software does not call the CRLF2::P2RY8 fusion

     although you can see it upon visual inspection



Analysis

▪ Carefully validate and determine the filter settings you want to use

▪ Check your filter settings before every analysis

▪ Recommendation:
- use the setting “ALL STRUCTURAL VARIANTS” and “ALL COPY NUMBER 
VARIANTS” with a 1-2% control base threshold
(I do not recommend checking only the “NON-MASKED VARIANTS”)
- discard non-relevant SV’s or CNA’s then manually



Analysis: variant review

Criteria for manual review:

▪ Check all the SV’s that were retained by the filters manually in the software
▪ Confirm real CV’s
▪ Eliminate artefacts and false positives

=> Reasons for false positives/artefacts: poor alignment due to:
- N-base gaps in reference genome
- segmental duplications
- repetitive sequences (e.g. transposons)
- centromeres and telomeres: regions with highly repetitive nature



Analysis: variant review: example of a probably false translocation:

translocation_interchr:  t(15;22)(q25.3;q11.23): example of translocation I would discard
=> not enough labels at left breakpoint, not exact match, + overlap with CNV masked 
region 
=> “fail” for parameter  “Fail_assembly_chimeric_score”
=> not seen with conventional karyotyping



Analysis: variant review: example of a probably false translocation:

Check the raw data: right mouse click: show molecules



A flag used to denote whether there might be a potential chimeric join at the variant 
locus. This denotes whether a minimal chimeric quality score of 35 and coverage of 
10X have been achieved around each SV breakpoint. A value of ‘pass’ means that the 
two criteria have been met; a ‘fail’ denotes the criteria not met; and a ‘not_applicable’ 
value denotes that the check has not been performed. Notice that this check is 
performed only for inversion and translocation calls. 

Note: a chimeric quality score of a label on a genome map is the percent of molecules 
that align to both sides of the label out of all molecules that align on either side near 
this label. 

Self_molecule_count: The number of molecules supporting the SV. Currently at 
“recommended” value of “5”, but in Leuven we do not filter on this initially. We take it 
into account in the decision together with other parameters

Analysis: variant review: fail assembly chimeric score



Analysis: variant review: example of a false translocation:

translocation_intrachr:  ogm[GRCh38] t(1;1)(p36.13;p36.13): example of translocation I 
would discard
=> in region of CNV mask (purple)
=> seen in many samples

Hg38 CNV mask



Analysis: variant review: example of a false translocation:

translocation_interchr: t(3;6)(p21.2;p25.3): example of a “translocation” I would discard
=> not exact match, maybe small insertion but???, could just be miss alignment + overlap 
with CNV masked region 
=> “fail” for parameter  “Fail_assembly_chimeric_score”

Same as above, but inverted, so that you can better perform a visual inspection: 



Analysis: variant review: example of a balanced translocation

5’ KMT2A
Centromeric to telomeric direction on q-arm

3’ MLLT3 
centromeric to telomeric direction on p-arm

ogm[GRCh38]

t(9;11)(p21.3;q23.3)(20397688;118479068) [5’KMT2A::3’MLLT3]

"AML with t(9;11)(p21.3;q23.3)/MLLT3::KMT2A" (ICC 2022); Prognosis intermediate (ELN 2022 Döhner et al.)

▪ Male, 75 years old
▪ 80% blasts in bone marrow; pancytopenia
▪ Flow: AML
▪ OGM/Bionano: Rare variant pipeline



Analysis: variant review: example of a balanced translocation

3’ KMT2A

Centromeric to telomeric direction on q-arm

5’ MLLT3 
centromeric to telomeric direction on p-arm

▪ Male, 75 years old
▪ 80% blasts in bone marrow; pancytopenia
▪ Flow: AML
▪ OGM/Bionano: Rare variant pipeline

You can also see the reciprocal translocation in Access:



Analysis: variant review: example of an unbalanced translocation



Analysis: variant review: example of a deletion

▪ Male, 66 years old
▪ 90% blasts in bone marrow
▪ Flow: AML
▪ Karyotype: 46,XY,del(20)(q11q13)[10]

Conclusion: pseudiploid clone with deletion 20q. Recurrent in myeloid malignancies. ELN 2022: intermediate risk
▪ OGM/Bionano: Rare variant pipeline



Analysis: variant review: example of a deletion

▪ Male, 66 years old
▪ 90% blasts in bone marrow
▪ Flow: AML
▪ Karyotype: 46,XY,del(20)(q11q13)[10]

Conclusion: pseudiploid clone with deletion 20q. Recurrent in myeloid malignancies. ELN 2022: intermediate risk
▪ OGM/Bionano: Rare variant pipeline

OGM

Rare Variant Pipeline analysis
1. Analysis CNVs
2. Analysis SVs



Analysis: variant review: example of a deletion

▪ Male, 66 years old
▪ 90% blasts in bone marrow
▪ Flow: AML
▪ Karyotype: 46,XY,del(20)(q11q13)[10]

Conclusion: pseudiploid clone with deletion 20q. Recurrent in myeloid malignancies. ELN 2022: intermediate risk
▪ OGM/Bionano: Rare variant pipeline

OGM

Rare Variant Pipeline analysis
1. Analysis CNVs



Analysis: variant review: example of a deletion

▪ Male, 66 years old
▪ 90% blasts in bone marrow
▪ Flow: AML
▪ Karyotype: 46,XY,del(20)(q11q13)[10]

Conclusion: pseudiploid clone with deletion 20q. Recurrent in myeloid malignancies. ELN 2022: intermediate risk
▪ OGM/Bionano: Rare variant pipeline

OGM

Rare Variant Pipeline analysis
1. Analysis CNVs

20q11.21q13.13(32167630_50925034)x1~2

OGM

Rare Variant Pipeline analysis
1. Analysis CNVs



Analysis: variant review: example of a deletion

20q11.21q13.13(32167630_50925034)x1~2



Analysis: variant review: example of a duplication

11q23.3q23.3(118470405_118479068)x3 [KMT2A-PTD]

▪ Male, 66 years old
▪ 90% blasts in bone marrow
▪ Flow: AML
▪ Karyotype: 46,XY,del(20)(q11q13)[10]

Conclusion: pseudiploid clone with deletion 20q. Recurrent in myeloid malignancies. ELN 2022: intermediate risk
▪ OGM/Bionano: Rare variant pipeline

OGM

Rare Variant Pipeline analysis
2. Analysis of SVs

Important to define a list with 
important genes per pathology: 
check this list in detail for each 
case!! 



Analysis: allways check the “Whole Genome” view

Example of case with AML. Bone marrow contained clot, so needed to work with blood sample
Bone marrow: 40% blasts, blood: 22% blasts.

Trisomy 8 and deletion of 13q is much clearer in “whole genome” view than in circos plot

Genome browser: unclear if there is a trisomy 8:



Analysis: allways check the “Whole Genome” view

Example of case with AML
Trisomy 8 and deletion of 13q is much clearer in “whole genome” view than in circos plot



Analysis: allways check the “Whole Genome” view

Example of case with AML
Trisomy 8 and deletion of 13q: confirmed with conventional karyotype:
46,XY,del(13)(q13q22)[6]/47,sl,+8[2]/46,XY[2]

Del(13)(q13q22) in 
8 out of 10 
metaphases.

Subclone with 
trisomy 8 in 2 out of 
10 metaphases.



Prospective diagnostic AML cases

253 routine AML cases

Considered different cytogenetic groups (CBA)

Normal karyotypes [108]

Fail karyotypes [13]

Recurrent fusions [30]

Simple karyotypes [55]

Complex karyotypes [47]



Complex karyotypes  [46]

Recurrent trisomies [4]  
Good concordance
Discordant subclone

Low complexity: ≥3<5 [3] 
Good concordance
Discordant subclone

High complexity :≥5 [39] karyotype includes markers, rings, adds etc

Overall good concordance but with higher number of 
abnormalities identified by OGM

In addition, OGM identified 

Recurrent SOC rearrangements [5] 

Potential rearrangement [5]

Low complexity: OGM did not detect 1 subclone in recurrent trisomies
1 subclone in low complexity group

High complexity
OGM identified recurrent rearrangements [5]

ETV6::ACSL6 
RUNX1::MECOM 
ZNF385B::ERBB4  
KMT2A::MLLT10 
KMT2A-PTD 

OGM identified potential rearrangements [5] FGFR1?
RUNX1? [2]
PICALM?
DLC1::RUNX1 

OGM identifies different levels of genomic complexity in complex karyotypes



Take home message: OGM can identify different levels of genomic  complexity

50,XX,+8,+12,+21,+21 Non-complex OGM genomic profile

Complex karyotype but not considered part of poor prognostic ‘complex’ sub-group (ELN 2022)  excludes 3 or 
more trisomies without structural rearrangement



Take home message: OGM can identify different levels of genomic  complexity

Trisomy  and structural  rearrangement -  

4 aberrations

46,XY,del(9)(q21q33)[2]/47,sl,+6[2]/48,sdl
,+7[3]/48,sl,+13[4]

3 structural aberrations

46,XX,inv(2)(q32q34)[3]/46,sl,del(12)(p13p12)[5]/
46,sdl,del(12)(p13p12)x2[2]

Trisomy and structural rearrangement: 

7 aberrations

47,XY,del(5)(q14q34),+21[3]/48,sl,+21[4]/

51,sdl,+5,+8,+9,+10[3]

No or low genomic complexity



Take home message: OGM may help sub classify  complex genomes

Complex karyotypes with multiple ill-defined aberrations – add, der, mar…

Medium or high complexity – definition?



Take home message: different types of chromoanagenesis

Chromoanagenesis: 3 types:
• Chromothripsis
• Chromoanasynthesis
• Chromoplexy

=> how to make the distinction:
subject of a more advanced course



Chromothripsis
• Neologism: the Greek words chromo which means color (represents chromosomes) and thripsis which means 'shattering into pieces‘

• What? phenomenon whereby tens to hundreds of chromosomal rearrangements localized to a limited number of genomic regions can be 
acquired in a single catastrophic event

• How? the simultaneous fragmentation of distinct chromosomal regions (breakpoints show a non-random distribution) and then subsequent 
imperfect reassembly by DNA repair pathways or aberrant DNA replication mechanisms (NHEJ)

• When? early in tumour development

• Described first in CLL in 2011 

• Result? loss of tumor suppressor genes, amplification of oncogenes

• Predisposition? TP53 mutations

Maher & Wilson; Cell. 2012 Jan 20; 148(0): 29–32. 



Take home message: Identification of small clones

Original karyotype 46,XX [20]

ogm[GRCh38](8)x2~3,(14)x2~3

On review  48,XX,+8,+14[2]/46,XX [28]

46,XY,del(20)(q12q13)[4]/46,XY[17]47,XY, +13[2]/14,XY[19]

CBA misses small clone OGM misses small clone

OGM normal OGM normal

CBA misses small clone OGM misses small clone



Woman, 48 y
MDS-IB2 (13% bl)

CASE REPORT

Conventional karyotype:



Woman, 48 y
MDS-IB2 (13% bl)

▪ Conventional karyotype: 47-49,XX,inc[2]

▪ OGM: 

CASE REPORT



Woman, 48 y
MDS-IB2 (13% bl)

▪ Conventional karyotype: 47-49,XX,inc[2]

▪ OGM: 

ogm[GRCh38]

20q11.23q13.31(38709036_56550158)x1~2,

(21)x2~3,

CASE REPORT
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Woman, 48 y
MDS-IB2 (13% bl)

▪ Conventional karyotype: 47-49,XX,inc[2]

▪ OGM: 

ogm[GRCh38]

20q11.23q13.31(38709036_56550158)x1~2,

(21)x2~3,

21q22.12(34998849_35065453)x1~2, [RUNX1 exon 1-2; NM_001754.4]

CASE REPORT

 Loss of exon 1-2 of the RUNX1 gene

 Loss of function type; tumor suppressor gene RUNX1

 Included in IPSS-M, major impact prognosis



Woman, 48 y
MDS-IB2 (13% bl)

CASE REPORT

 Such deletions also occur (constitutionally) in families with 

platelet disorders and/or predisposition to myeloid 

hematologic malignancies

▪  A constitutional abnormality cannot be excluded in this 

case. 

▪ To be integrated with 

- the family history

- personal history (previous thrombocytopenia, cfr "ITP" 

since 2015).

- the constitutional character could be investigated by MLPA 

on hair if induction not initiated (a dozen with bulb, case 

discussed with Dr Sc H Brems).

(Ref: Song et al. 1999, Nature Genetics, 23: 166-175; Brown et al. 2020, Blood Adv, 4:1131-1144; 

Almazni et al. 2021, Platelets, Feb22:1-4 ).
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CASE REPORT DNA (fibroblasts)

▪ Analysis with MLPA (SALSA MLPA P437-B1) 

- Deletion in RUNX1 DETECTED with MLPA in DNA from 

cultured fibroblasts

(Ref: Song et al. 1999, Nature Genetics, 23: 166-175; Brown et al. 2020, Blood Adv, 4:1131-1144; 

Almazni et al. 2021, Platelets, Feb22:1-4 ).
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