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Amniocentesis & CVS
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Culture Initiation

Type of cells AF/CVS* Cord blood*
living cells \ v
sterility \ \
microbial inhibitor penicillin- penicillin-
streptomycin streptomycin
mitotic stimulation X PHA
culture vessel tissue culture flask bottle/tube
growth medium Chang /Bio- RPMI+20% FCS
Amf/Q3-21

* Testing for maternal cell contamination



Culture maintenance

Interval

Type of cells AF/CVS* Cord blood*
media feeding \ X
optimum pH 1.2-1.4 71.2-7.4
sterility \ \
optimum 37 °C 37cE
temperature

optimum humidity 97 % 97 %
optimum time 10-14 days 72 hours




Cell harvest

arrest division: colchicine, colcemid

swell cell: Hypotonic solution 0.075M KCI
fix cell: 3:1 (methanol:acetic acid)
prepare slide

banding/staining



Chromosome banding/staining
G-banding : G-band using Trypsin and Giemsa (GTG)

Q-banding : Q-band using Fluorescence microscopy
and Quinacrine(QFQ)

C-banding : C-band using Barium hydroxide
and Giemsa (CBG)



Identifying specific chromosomes
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Centromere position and
arm ratios assist in
Identifying specific
chromosomes

Many chromosomes appear
Identical by these criteria.

Identifcation revolutionised
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Analysis

IS CN .6

An International System for
Human Cytogenomic Nomenclature (2016)

Editees
Jean McGowan-Jordan
Annet Simons

Michael Schmid

KARGER




Policy
Technology




Cytogenetics

Constitutional Molecular Cancer
Cytogenetics Cytogenetics Cytogenetics

Diagnosis of Inherited disease,
genetic abnormalities (Structural
and numerical), Fetal loss studies

and prenatal studies

e

Diagnosis, prognosis and
Monitoring of cancer cells and
detection of related chromosomal

Abnormalities

Fluorescent labelled probs immobilized
On the solid surface that binds to
specific location on the DNA

Fluorescent labelled probs bind to
Specific location on a chromosome
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http://geneticeducation.co.in/a-brief-introduction-to-cytogenetics-karyotyping-fish-and-microarray/



Cytogenomic

Cytogenomic = Cytogenetic+omics
Array CGH
Exome sequencing
Genome sequencing (next generation sequencing)
others molecular genetics

to seek greater clarity in the analysis of
chromosomal aberrations



Table 1: Genomic Technologies for Cytogenetics

Whole-Genome View

Resolution 1 base pair 1 base pair

Aneuploidy

Unbalanced

Translocation Yes, if known Yes, if large

Balanced Translocation

p Yes, if known
or Inversion

Yes, if 20% of cells

Mosaicism
present

Yes

Polyploidy Yes (indirect) (SNP arrays only)

Yes
(SNP arrays only)

Yes

Copy-Neutral LOH (SNP arrays only)

SNVs No No No Yes Yes

Yes, if unbalanced

Mo, Fbalanced Tes s

Gene Fusions Yes No

Using arrays and NGS to complement traditional methods, cytogeneticists can obtain a comprehensive view of genetic abnormalities, both large and small.?
a. Yes, if branch points are targeted.
b. Yes, if both parents are analyzed.




File View Tooks Users Help Phd R AR B | F| VL | € P | [cytochip ~ || [arRenaz -

. Bl X V h 5
ol i T el | L sl Y = S— " |
Log R Ratio v | Chromosomal Position Karyotype Chart \I CGH Table SHP LOH Table IR} ] »

1.20
086
072

048
024
[ e , sty . L 8

024
048

072 :
098

-1.20

E
%
\f\&
%
%
IR%
%
7;)
%
%
%

g lalian] V 001 12

A P |
B-Allele Frequency ~ | | Chromesoma! Position  ~

1.00 diiatia " QU e " Lahalca i i v B Dk Lo i
Dien! Jieiiarar s R LRl gt malla i iy
080

0560

-] 5
5 N S Opa E ﬁ

g
i3

E

0.50
0.40
0.30 ¢ i 3
B e e e i S e
0 sl ;

R Y T @ x

« | 5 DetailedRegion | Overlapping COHRegions | Repeja |

19

% B

B X Detailed Region Summary

CCC W — D¢ ENT TN WETE N BT B | o [V Assessment [Pamogene [V R

50Kb 5:180,915Kb
CURRENT e Position:  Chrs: 85 417,242 -> 119,212,976
CURLOH Band: 5q14.3->5q23.1
ﬁf I.| L 1T W (I Y :I [ RN (] Seey E
‘010 | ) Man -
Disease | 1 I | | | I A Change:
exons 1 AT MMM 0 A 0000 ' Y 0 0 T MR OO 0 MO WOl ™ Comments: [

erves AL A 00 O 5 A 0 . T O I -
UL UYL TR RTTRRO T RV TR TRE TR IRV O LR YT TR TR R )
I 1 | | O 9 M ) | m I III\HIII I” i \HIIJI [

Figure 1: Genome-Wide View of Chromosomal Alterations —Horizontal view of the entire genome from BlueFuse® Multi Software showing
mosaicism detection. By correlating the intensity information from the log R ratio (top plot) and the genotyping information from the B Allele
Frequency Chart (middle plot), a mosaic deletion is evidenced on the long arm of chromosome 5. A region demonstrating low-level mosaic loss
(highlighted yellow) lies adjacent to a region of high-level mosaic loss, which is indicated by the position of the heterozygous track on the B Allele
Frequency Chart. The mosaic is unlikely to have been correctly characterized on an array CGH platform, which provides intensity information only.
Data shown is from the Infinium CytoSNP-850K BeadChip.
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Cases with invasive test criteria @)
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Figure 1. Algorithm of genetic prenatal diagnosis in Centro Hospitalar Sao
Joado (CHSJ): tests and criteria. fIndications for invasive pregnancy test at
CHSJ: positive combined first trimester screening, fetal abnormalities, nuchal
translucency (NT) =3.5mm (P99Y), early-onset fetal growth restriction (FGR),
parents with balanced chromosomal rearrangements, family history of genetic

disorder, and maternal anxiety.
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Abstract

With advancing technology and the consequent shift towards an increasing application of molecular genetic techniques (e.g.,
microarrays, next-generation sequencing) with the potential for higher resolution in specific contexts, as well as the
application of combined testing strategies for the diagnosis of chromosomal disorders, it is crucial that cytogenetic/
cytogenomic services keep up to date with technology and have documents that provide guidance in this constantly evolving
scenario. These new guidelines therefore aim to provide an updated, practical and easily available document that will enable
genetic laboratories to operate within acceptable standards and to maintain a quality service.



Table 1 Methods used in cytogenomic analysis, their resolution and limitations

Method Resolution Limitations

Karyotyping 5-10 Mb Cannot detect: small rearrangements below the resolution; nucleotide
variants: mosaicism < 10%® UPD

FISH ~100kb Limited to the probes used (targeted analysis);
Cannot detect: nucleotide variants; mosaicism < 10%° UPD

Array-based techniques ~20-200 kb Cannot detect: balanced rearrangement, mosaicism < 10% mucleotide

chromosomal microarray SNP-based variants; the nature of a structural aberration; independent cell lines;

array heterochromatic markers; triploidy (exception SNP array); UPD (exception
SNP array)

CNV detection in whole-exome  100bp (exonic regions) —  Cannot defect: balanced rearrangement; mosaicism < 18%" the nature of the

sequencing ~150kb (genome wide)’  structural aberration; independent clones/cell lines

“Hsu and Benn [7]; Hook [36]

*Uniparental disomy

“Wiktor and van Dyke [37]; Ballif et al. [38]; Mascarello et al. [39]
Wermeesch et al. [23]; Ballif et al. [38]

‘Pfundt et al. [32]

fPagnamenta et al. [40]



Main clinical indications for prenatal diagnosis

- Abnormal foetal ultrasound;

- High-risk maternal serum screenng/NIPT result mmdi-
cating an increased risk of a chromosomally abnormal
foetus;

- Parental chromosome rearrangement, mosaicism oOr
previous aneuploidy;

- Previous livebirth/stillbirth with a chromosome
abnormality;

- Possible foetal mosaicism detected by prior prenatal
study;

- Familial monogenic disorder (1.e., CF, Noonan syn-
drome, etc).



Table 2 Recommended
reporting times (calendar days)
for 90% of the referrals

Table 3 Minimum G-banding
quality according to the reason
for referral

Prenatal aneuploidy testing by FISH /QF-PCR/MLPA 4 days

Amniotic fluid and CVS analysis on cultured or uncultured cells by karyotyping and/or 14 days
genome-wide array analysis

Lymphocyte cultures 28 days
Products of conception/foetal skin (where pregnancy is not ongoing) 28 days
Urgent® lymphocyte, cord blood cultures 7 days
Postnatal array analysis 10 days (urgent)

28 days (other)

These apply in the absence of specific National Guidelines
“URGENT - referrals where the result will have immediate implications for patient management

Reason for referral Minimum G-banding quality
(QAS) *

Confirmation of aneuploidy QAS 2% © <300 bphs

Exclusion of known large structural rearrangements QAS 3 < 300 bphs

Identification and exclusion of small expected structural rearrangements; QAS 4 < 400 bphs®
routine prenatal specimen preparations

Prenatal specimen abnormal ultrasound referrals (in the absence of array- QAS 5 < 550 bphs®
based analysis)

Routine postnatal specimen preparations QAS 6 < 550 bphs®

bphs bands per haploid set
2QAS score — see ACC Professional guidelines for clinical cytogenetics v1.04 (2007; http://www.acgs.uk.
com/media/765607/acc_general bp_mar2007_1.04.pdf)

PSNP-based array or other molecular techniques/SNP-based array or other molecular techniques may be
more applicable for some of these referral categories



Table 4 Minimum number of metaphases to be analysed according to Table 5 Applications of FISH analysis
tissue type

Sample Referral/result Minimum Additional cells Type of FISH Apptications of FISH analysis

analysed® cotnted® analysis

Prenatll  Routine 2 (2 cultures)® Rapid prenatal High risk of chromosome aneuploidy or
Deshical  Rontis 9 0 FISH recurrent microdeletion (e.g., abnormal
Pre- and Mosaicism exclusion 2 o8t i]ltrasound.); pa
postnatal  or single-cell Bl sl Teeia,

anomaly detection Evaluation/characterisation of
*Analysed (banded metaphases where every set of homologues without Interphase FISH Numerical abnormalities;
any crossovers are evaluated in their entirety). (In practice more Duplications;
metaphase are analysed to clear any crossovers — see section Deletions:
Karyotyping) Sex chromosome constitution;
*Counted (metaphases where the number of centric chromosomes and/ Mosaicism;
or the presence/absence of a specific cytogenetic feature is evaluated) Gene amplification.
QF-PCR and one culture in case of aneuploidy testing Metaphase FISH Marker chromosome:
Extra cells may be counted to exclude mosaicism or a single-cell Unknown material aftached to a chromosome:
anomaly Rearranged chromosome(s);
*ACC Professional guidelines for clinical cytogenetics v1.04 (2007 Suspected gain or loss of a chromosome
http:/fwww.acgs.uk.com/media/765607/acc_general_bp_mar2007_1. segment;

04.pdf) and Hastings et al. [1]
Hsu and Benn [7] and Hook [36]

Mosaicism.




Table 6 Minimom citeia for analysing FISH sesult according with probe type

Probe type Andlyss  Additional comments

Locus-specifc identiier (L) 3 Score to confirm or exclude an abnormality (e.g., m case of suspected microdeletion syndrome ot
probes mefaphases 1dentiication of a merker chromosome)

Multiprobe anelysi j Per probe. Scored o confirm a normal signal patem, Confirmation 1 advisable for abnormal signa

mefaphases patiems 1f no control probe 15 present

Interphase analysis for 230 ells  For each probe set
aneuploidy testig

Interphase analyss to detect 2100 cells For each probe sef
THOSAGiSm




Prenatal diagnosis: the clinical usefulness of array

comparative genomic hybridization
Marta Freitas, MD™®, Joel Pinto, BSc™¢, Carla Ramalho, MD, PhD®®, Sofia Déria, PhDP¢

Abstract

Background: Array comparative genomic hybridization (@CGH) has been replacing karyotype in neurodevelopment diseases ch
intellectual disability cases. Regarding prenatal diagnosis (PND) karyotyping is still the criterion standard technigue; nevertheless, the
application of aCGH in this field has been increasing dramatically and some groups recommended it as the first-tier prenatal genetic
test in cases of fetal ultrasound abnormalties. Despite aCGH greater resolution, the detection of variants of unknown significance
(VOUS) is not desirable, so it's need some reflexion before generalized application on PND.

Objective: The aim of this study was to analyze the prevalence and type of copy number variants (CNVs) detected in the 55 PND
samples collected from pregnancies with indication to perform aCGH.

Methods: aCGH was performed using Agilent 4 x 180K microarrays and results were analyzed using CytoGenomics software.

Results and conclusion: Eight (14.5%) cases had pathogenic or likely pathogenic CNVs. VOUS were found in 21.8% of the
cases, but this frequency could be minimized if only large CNVs above 1 million base pairs that are outside the clinically curated
targeted regions were considered.

Keywords: array comparative genomic hybridization, copy number variation, karyotype, prenatal diagnosis, variants of unknown
significance
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