


Statement

This presentation is intended exclusively for educational purposes.

Every form of misuse, including copying, distribution and sharing on public online
platforms or social media is strictly prohibited and can be punished.



Outline of the presentation

What to expect from a molecular genetics and cytogenetics laboratory (MGC lab)?
How does it look in the MGC lab?

What methods are available in the MGC lab?



What to expect from a MGC lab?

MGC LAB = PARTNER

o]

Specifics of a MG lab — a need for assays designed for individual families or individual patients
— a high proportion of laboratory developed tests compared to other diagnostic labs in hospitals

Discuss with the staff, learn what methods they use, know what the methods can be good for



Application of results

Establishing and refining diagnosis
Prenatal and preimplantation testing
Hereditary predisposition assessment
Disease prognostication

Treatment optimization

Disease activity monitoring

Disease complication diagnostics

[ Family comes for genetic counselling |

Basic examination, personal and family °
history, pedigree, specialized tests *

I Diagnostic process |

Data evaluation, expert consultations,
scientific literature, electronic resources

[ Clinical diagnosis |

Causal gene and mutations, finding of a
diagnostic laboratory, informed consent,

sampling for DNA isolation
()
| Sending samples for testing ‘ gg

. [ m == s ]
Design of molecular N

genetic test T—

Gene structure, PCR primer design, 5_1:

validation of primers

I Molecular genetic testing ] g
DNA isolation, PCR amplification of

exons, gel electrophoresis, sequencing

I Raw laboratory data analysis l

Identification of a mutation in the e - -
DNA sequence TCCGTCGA
TCCGGCGA

| Interpretation of results | Ser Val Asp
Ser Gly Asp

Evaluation of consequences =
of the mutation for protein P Mt c S ax e ;

DIRH a1 IL AKieP |
Evaluation of functional impact B e o ax e v
(already reported, evolutionary sav fL AKEP Ul

conservation, functional domain etc.).

Conclusion of the
laboratory analysis

Communication of results,
testing of other relatives ==

Confirmation of the diagnosis and its °
communication to the family, prognosis, **
consequences for relatives etc.

Prochazkova et al, BMC
Medical Education 2019



Technical aspects of the laboratory methods

Target regions, analytes

Specificity and sensitivity, limit of detection, ... — a basis for laboratory test request
Tools for data analysis and their limitations

Time for processing — few hours or few days?

Standardization and validation _
Regular quality assessment — expectations and outcomes

Compliance with legislation regulations

Laboratory manual!



Result reporting

The report is an essential part of any laboratory test

Content — concise but comprehensive:
What exactly was tested
What method was used

What results were obtained

Who reports the results
Who reviewed the results
What preanalytic, analytic, and postanalytic factors could influence the results

What cannot be identified (e.g. failed or low covered regions)

Comply with ISO 15189 technical requirements for medical laboratories



Quality control assessment

Internal QC

External QC UK NEQAS IMPROVES PATIENT CARE
national
i nte rn atl O n a I We aim to improve patient care through monitoring the quality of tests and their reporting, in an

independent manner and on a not-for-profit basis.

— We are here to help ensure optimal quality in testing for the benefit of patients.

Genomics We believe that the result of tests should be:

Gen\ QA
Assessment e Comparable

dg shsdie

e Clinically useful to the patient no matter where or when they are performed.
Member of UK NEQAS consortium

https://ukneqgas.org.uk/about-us/

Needed for method (and laboratory) accreditation
Compliance with international regulations for in vitro diagnostic methods



Practical example
BRONCO diagnostic panel for hereditary cancer syndromes

« What genetic syndrome
am | looking for?

* Are suspect genes
included in the panel?

 What defects could |
expect?

 How quickly do | need the
result?

* |s the method suitable for
answering my questions?

ACD BRCA1 CHD2 ELANE [FANCE [IKZF1 MDM4 NF2 POT1 RB1 SLC37A4  |UBE2V2
AIP BRCA2 CHEK1 |EPCAM |FANCF |IKZF2 MED12 [NFKBIE |PPM1D |RBBPS8 |SLX4 UBE4B
ALK BRCC3 CHEK2 |EPHX1 |FANCG |IKZF3 MEN1 NFKBIZ [PREX2 |RECQL |SMAD4 UIMCA1
ANKRD26 |[BRCC3 chr9:21514EPOR FANCI IL7R MET NHEJ1 |PRF1 RECQL4 [SMARCA4 [USB1
AP3B1 BRE CLSPN |ERCC1 |FANCL |IRF4 MGA NOTCH1 |[PRKAR1AIRECQL5 |SMARCB1 |VHL
APC BRIP1 CRLF2 |ERCC2 |FANCM |ITPKB MGA NPM1 PRKDC [RET SMARCE1 |VPS13B
APEX1 BTG1 CSF3R |ERCC3 |FBXW7 |JAK1 MGMT  [NRAS PTCH1 |RFC1 SRP72 VPS45
ASXL1 BTK CSNK1D |ERCC4 |FH JAK2 MLH1 NSD1 PTEN RFC2 STK11 WAS
ATG2B BUB1B CSNK1E |ERCC5 |FLT1 JAK3 MLH3 0GG1 PTTG2 |RFC4 SUFU WIPF1
ATM C110RF30 |CWF19L2|ERCC6 |FLT3 KATS MMP38 P2RY8 |RAB27A |RHBDF2 |TAZ WRN
ATMIN C190RF40 |CXCR4 |ESR1 G6PC3 [KCNJ5 |[MPL PALB2 |RAC2 RIPK1 TCL1A WT1
ATR C3 CYLD ESR2 GADD45A[KIT MRE11A [PARP1 |RAD1 RNF146 |TELO2 XPA
ATRIP CALR DCLRE1C|ETV6 GATA1 |KLHL6 |[MSH2 PAX5 RAD17 [RNF168 |[TERF2 XPC
AURKA  |CASPS DDB2 EXO1 GATA2 |KRAS MSH3 PCNA RAD18 |RNF8 TERT XPO1
AXIN1 CCNDA1 DDX3X  |EXT1 GFI LAMTOR2[MSH5 PHB RAD23B |RPA1 TLR2 XRCC1
BABAM1 |CDC73 DDX41 EXT2 GPC3 LIG1 MSH6 PHOX2B |[RAD50 |RPS15 |TLR4 XRCC2
BAP1 CDH1 DHFR EYA2 GRB7 LIG3 MSR1 PIK3CG |[RAD51 |RUNX1 |[TMEM127 |XRCC3
BAP1 CDK12 DICER1 |EZH2 GSKIP  [LIG4 MUS81 |PLA2G2A|RAD51AP|SAMHD1 |TOPBP1 XRCC4
BARD1 CDK4 DMCA FAM175A [HAX1 LMOA1 MUTYH [PLCG2 |[RAD51B [SBDS TP53 XRCC5H
BCOR CDKN1B |DNAJC21 [FAM175B [HELQ LRP1B [MYD88 [PMS1 RAD51C |SDHAF2 [TSCA1 XRCC6
BIRC3 CDKN1C |DPYD FAN1 HISTIH1E[LYST NAT1 PMS2 RAD51D [SDHB TSC2 ZMYM3
BLM CDKN2A  |EBF1 FANCA [HNF1A  |MAX NBN POLB RAD52 |SETBP1 |TSHR ZNF350
BMPR1A |CDKN2B [EGFR FANCB [HOXB13 |[MCPH1 |[NCAM1 |[POLB RAD54B [SETX UBE2A ZNF365
BRAF CEBPA EGR1 FANCC [HRAS MDCA1 NELFB |[POLD1 |RAD54L |SF3B1 |UBE2B

BRAP CEP57 EGR2 FANCD2 [HUS1 MDM2 NF1 POLE RADSA [SHPRH |UBE2I




How does it look the MG lab?

Pre-PCR Post-PCR

I prlzc))gzsasri)r/\g I I Post-PCR area I

Sample Analytical
reception space

Cultivation Other post-PCR

room methods I
| | E—

Sample biobank Computation, data storage




Sample processing
and separation

Diverse input material
(peripheral blood, tissue
specimens etc.)

Sterile hoods (esp. in
connection with cell cultivation
and biobanking of samples)

Cell separation needed in
specific contexts (e.g. analysis
of somatic changes



Materials used

Peripheral blood
Bone marrow

Liquid biopsies Postnatal genetics
Aspirates X
Fine-needle biopsies Prenatal testing
Fresh tissue X
Oncology

Formalin-fixed paraffin-embedded (FFPE) tissue
Swabs (e.g. buccal)



Peripheral blood processing

Different cell population used according to the application:
Leukocytes

Mononuclear cells

Granulocytes

Lymphocytes

Specific cell subpopulations




Why to perform cell separation?
Example of TP53 gene testing in chronic lymphocytic leukemia

CLL: WBC 14.7x10°/L
lymphocytes 59%

LEUKOCYTES

Cancer Cell
Fraction (CCF):

CLL = 20%

CD 19

MONONUCLEAR CELLS

1%

normal

B-cells

(gradient centrifugation)

CLL 35%

CD 19

[ Cancer cell fraction (CCF)

mmmm Mutation VAF

B-CELLS (non B-cell
depletion by RosetteSep)

CLL >95%

PPPPP




Nucleic acid (RNA, DNA) isolation

pre-PCR area
Manual and automated sample processing

Adjusted to the purpose of the test

Cell Harvest Lysis Add Beads Wash Separation Release

- ‘ Magnetic
QlAcube = (@) |
> > Dowpstnfeam
T @ applications
N7 X~ N7
Sample preparation DNA binding Washes Elution

and pretreatment



Nucleic acid quantification and QC

Spectroscopic and fluorimetric methods
Electrophoretic methods

———
———
—
S ——
R
——
——

VO HTE

i |



\ ‘
ey 4
‘ ig’
H

i,
TN rrTTTTT

Nucleic acid quality control

ey

.thlkl}}}t'§
SAEE = 8
L,

5 D
gy
aghd ar

%\

I f

A; “f " ‘f,
Ly

]3Jg§

Alternative methods to gel electrophoresis

Lower material input




Polymerase chain reaction (PCR)

Fundamental reaction of molecular biology and genetics
Amplification of regions of interests
PCR assembling in pre-PCR area
Carried out in thermocycler
Various modifications




real-time PCR s

1.0e+000

Quantitative method — fluorescent detection : test sample
of generated products : f A \ p
™~ \ /

Delta R

Need for specific primers and probes
Relative and absolute quantification

1.0e-005
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Droplet digital PCR (ddPCR)

DNA sample with target
sequence is partitioned into
droplets

Target and background
DNA are randomly
distributed among 20,000
droplets

Target sequence is
amplified by end-point PCR
in each droplet

Positive droplets are
counted to give precise
quantification of target
sequences in sample

Alternative method for marker absolute quantification
Highly precise
Need for specific instrumentation




Next-generation sequencing (NGS)

~ massively parallel sequencing (MPS)

PCR amplification of DNA fragments or direct sequencing of individual fragments (single molecule
sequencing)

The most common approach — sequencing by synthesis (lllumina sequencers)

Millions of fragments are amplified simultaneously (vs capillary sequencer max 96 reactions)

Short reads (tens to hundreds base pairs)




NGS - targeted regions

lllumina machines and their capacity

e —
[ 1
I —
T R —————
T TTE——

NovaSeq HiSeq NextSeq MiSeq MiniSeq 1Seq
4000 500
48 genomes/run, 12 genomes/run, 1 genome/run, 0.15 genome/run, 0.07 genome/run, 0.01 genome/rin,

6 TB/run 1.5 TB/run 120 GB/run 15 GB/run 7.5 GB/run 1.2 GB/run




Short-read vs. long-read sequencing

B Whole-genome short read data

DNA/RNA

C Whole-genome long read data

Raw signal

Pore (MspA)

Polymer
membrane

Schwarz et al, Medizinische Genetik 2021

Kraft & Kurth, Medizinische Genetik 2019




NGS - regions of interest

genome exome selected genes or loci

3 200 000 000 bp 20 000 genes < 100 genes
30 x read depth 100 x read depth > 1000 x read depth



Practical example
Limit of detection (LoD) of various NGS methods

coverage 10 000 x 1000 x 100 x 30 x
LoD ~1% ~5% 15-20 % ~ 30 %



NGS - diverse targeted markers




Panel NGS

Sets of selected regions of interest

Target enrichment by amplification
or hybridization

Why to use gene panels:

One disease can be associated with
variants in different genes

Certain gene is diagnostically relevant for
several diseases

Amplicon-based assay

(Tiled amplicon approach)

Primer based

ecx o3 > <
amplification > £
of DNA 2 €& >
templates l

PCR + barcoding
and adapter

ligation
l Sequencing
Amplicon 1

Forward
reads

Reverse
reads

Amplicon 2

Gene X - mutatioal hotspot

Hybridization capture-based assay

—= Adapter ligation

Hybridize to custom
capture probes and
isolate targeted

) regions

@ _

Wash, elute, amplify
and sequence

«—

Exon 1 Exon 2 Exon 3
Large regions of interest

Jennings et al, J Mol Diagn 2017




P ra Ct I ca I exa m p I e Gene varlants recurrent CNVs CNVs/cnLOH IG/TR + transloc
LYNX pa ne I ® Genomic backbone 0 SNP probes Probes of various density

List of genes \K Rearrangements’®
IGH locus 79 genes
ARID1A'? ASXL® ATM'":2 BIRC3'"2 BRAF'.*5 IGK locus 45 genes
IGL locus 42 genes
— diagnostics of molecular markers BTGI* CARDIT ~ CCND1*  CD79A™ (D798 TRAlocus 96 genes
TRB locus 64 genes

TRG locus 13 genes

in Iymphoid ma"g nancies CDKN2A'S  CDKN2B*  CHD2' CREBBP'**  CRLF2% TRDlocus 11 genes
CSF2RA® EBF1° EGR2! EP300™2* EPOR® l l Translocations?
_ ETVeS EZH23* FBXW?7' FIGNL1¢ FLT3s CCNDINGH  t(11;14)
CLL, 2MCL, °FL, “DLBCL, 5ALL, 8Ph-like ALL gg%}gn e
FOXO1®  Hi-4' IKZF 1S IKZF2* IKZF3"5 u314)
IL2RBE IL3RA® IL7R® JAK1S JAK2"5 !
>300kb/1 Mb
s 1,5 24 1 1,5
JAK3 KRAS MEF28B MGA KMT2A Deli7p  ENCID
KMT2D MY MYD88'*  NF1'S NFKBIE’ Deh1q ECIHIDCINETD
Del13q OCI@
NOTCH1™  NOTCH2:*  NRAS"* NSD2: P2RYg*
PAG1* PAXS" S PIM1".¢ PTEN?S PTPN11S I ' I
Tri12 (OIDE TN TT
POT1" RB":S RPS15' RUNX1s SAMHD1'
Genome wide CNVs'#
SETD2"s SF3B1':2 SH2B3¢ SHOXe TNFRSF14%+4 - 6 MB across whole genome
1-5 6 2 1 1 A A
. TPS3 TYK2 UBRS XPO1 ZMYM3 I I cnLOH™
Navrkalova et al, J Mol Diagn 2021

|exon-proximal probes  |3'UTR region included  |introns included according to SNP probe density



Whole exome sequencing (WES)

|dentification of causative variants
Discovery of novel genetic markers
Searching for treatment targets

Whole exome capture/
Sequencing pipeline

Whole exome
capture array

/> Cluster images

Next-generation _/

sequencing

Computational pipeline

Basecalling
|

Read data
Human genome
Read mapping f-
Aligned reads
Read trimming

y
Exomic reads — Basic
statistics

SNVs/Indel
calling

SNVs/Indels

Filtering and
Annotation

Disease associated
novel variants




Whole genome sequencing (WGS)

Mainly experimental method for exploring unknown variants

Applications similar to WES, additional information about non-coding regions and chromosomal
abnormalities

Typical sequencing coverage ~ 30—100x — detection of somatic clonal or germline mutations

Shallow sequencing (~ 0.5-10x coverage) — genome-wide detection of chromosomal
abnormalities, low yield of mutation detection

In clinical practice a potential benefit of combination of shallow and panel sequencing




Practical example
Benefits of NGS in cancer diagnostics and monitoring

Reconstruction of clonal architecture and cancer evolution

<
w\oﬁ}‘, & & 006\ o&i‘b
. . \V‘G * & e \)QQ <&
Timeline Q N Vv %: M Q
° e ° ° e o

TP53, FAT3,
LRP1B

Cellular prevalence

Need for multidisciplinary team
— biologists, geneticists, computational scientists, bioinformaticians, statisticians



Cytogenomics methods
Comparison of sensitivity of the techniques

Aneu- CNA Poly- Clonal Focal Balanced Unbalanced cn-LOH
ploidy ploidy heterogeneity amplification rearrangements rearrangements
lesliel : +++ + +++ +++ ++ +++ +++ -
cytogenetics
Interphase FISH +++ ++ + +++ +++ +++ ++ -
ArrayCGH +++ ++ - + +++ - ++ -
CGH+SNP +++ +++ + + +++ - ++ ++
array
SNP array +++ +++ ++ ++ +++ - ++ +++

CNA — copy number alteration, gains or lossess of genetic material
cn-LOH — copy neutral loss of heterozygozity

Schoumans J et al, 2016



Genomic arrays

Molecular cytogenetic technique for detection of genomic gains and losses
Detection of copy-neutral loss of heterozygosity

Not possible to detect balanced rearrangements

Precise breakpoint localization, identification of affected genes

High resolution, genome-wide

Working with DNA, no need for viable cells

Allele Difference: 182 .. 1.82

R

Weighted Log2 Ratio:-1.5... 1.6
16—

o
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Practical example

Muscular dystrophy

Panel NGS — imbalance of SNPs on chr2
Genomic array — UPD chr2 in 80% of cells — germline mosaicism




Equipment for genomic arrays

Affymetrix GeneChip System



Classical cytogenetics
chromosome banding techniques
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Methods not requiring PCR
Imaging methods

Cheap

Clonal composition assessment




Molecular cytogenetics

Fluorescent in situ hybridization (FISH)

Targets specific regions based on DNA sequence

Detection of chromosomal abnormalities with diagnostic, prognostic and predictive value

Probe types:
centromeric whole chromosome| | gene
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Molecular cytogenetics

FISH methods for genome-wide analysis



Single-cell technologies

Experimental methods
Applications in cancer research, immunology, developmental biology, ...
Analysis of DNA variants, chromatin activity, RNA expression profiles, protein expression, ...

Coexistence of cellular features in single cells

HTO_classification

° 5.0 1
- - @, Q 0
Barcoded ¢ o Q

Gel Beads ®

251

o diagnosis

® pretreatment (runl)
® pretreatment (run2)
@ 2ndrelapse

® 3rd relapse

® Oil in Well

-5.0 1

UMAP_1
Cells & Enzyme

https://www.10xgenomics.com/



Take-home messages

 Discuss

e Standardize

* Integrate
The end...
Contact:

karla.plevova@mail.muni.cz or plevova.karla@fnbrno.cz

Thank you for your attention!


mailto:karla.plevova@mail.muni.cz
mailto:plevova.karla@fnbrno.cz

