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BGL 

 Bristol Genetics Laboratory (BGL)  

 CPA accredited Genetics laboratory serving a core population 

of 4-5million in the South West UK 

 BGL delivers a wide range of technical, analytical and 

interpretative genetic services to the UK and internationally 

 Dedicated Oncology services including Haemato-Oncology, 

Solid Tumour, Monitoring (MRD) and Inherited/Familial Cancer 

 Part of an integrated Pathology service (Severn Pathology)  

 Core member of BHODS alongside Haematology, Cellular 

Pathology and Immunology; provide comprehensive 

Cytogenetic, FISH, Molecular Genetic and Genomic analysis 

and interpretation 
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BHODS 

 Bristol Haemato-Oncology Diagnostic Service (BHODS) 

 Provides an integrated diagnostic process for investigation and 

reporting investigations for the presence of haematological 

malignancy.  

 The service satisfies the NICE improving outcomes guidance 

published in 2004. 

 Supported by haematologists and haemato-pathologists using HiLIS 

and GEC Ultra laboratory software system to correlate investigation 

into an integrated report.  

 A diagnostic opinion is provided based upon the current WHO 

classification of haematological malignancies 

 SNOMED codes are provided 
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Haemato-Oncology Genetics 

Genetics forms a key part of the multi-disciplinary 

pathway in paediatric Haemato-Oncology: 

1. Diagnosis 

• Genetic abnormality often defines WHO 2008 subtype 

• Presence of a clonal abnormality may confirm diagnosis  

2. Prognosis (risk stratification) 

• Specific genetic abnormalities may have prognostic 

significance e.g. CBF-AML = favourable 

• Targetted therapy e.g. Imatinib (BCR-ABL1), ATRA 

(PML-RARA) 

3. Monitoring 

• Presence, absence or level of a clone is a direct 

measure of degree of response to treatment 
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Haemato-Oncology Genetics 

 Genetic abnormalities can result in: 

 Loss of function e.g. TP53 deletion or mutation 

 Gain of function: 

 Mutation e.g. FLT3-ITD 

 Aberrant/inappropriate expression e.g. BCR-ABL1[t(9;22)] 

 

 

 

 

 

 Various mechanisms can drive the above; require broad range of genetic 

testing to detect them all: 

 Cytogenetics 

 FISH 

 Molecular genetics 
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Genetic Methodologies - Cytogenetics 

Cytogenetics is a branch of genetics that is concerned 

with the study of the structure and function of the cell, 

especially the chromosomes.[1] It includes routine 

analysis of G-banded chromosomes, other cytogenetic 

banding techniques, as well as molecular cytogenetics 

such as fluorescent in situ hybridization (FISH). 

 Examination of banded metaphase preparations for structural and numerical 

imbalance 

 Requires cell culture – suspension or monolayer (long term), therefore require 

viable cells 

 Resolution depends upon quality of metaphase prearations; haematological 

clones can be stimulated to grow well but do not always yield high quality 

chromosomes 

 Can be performed on a range of sample types e.g. blood, bone marrow, solid 

tissue (lymph node, tumour etc.) 

 Provides a whole genome screen; enables detection of balanced 

rearrangements 

http://en.wikipedia.org/wiki/Genetics
http://en.wikipedia.org/wiki/Chromosome
http://en.wikipedia.org/wiki/G_banding
http://en.wikipedia.org/wiki/G_banding
http://en.wikipedia.org/wiki/G_banding
http://en.wikipedia.org/wiki/Molecular_cytogenetics
http://en.wikipedia.org/wiki/Fluorescent_in_situ_hybridization
http://en.wikipedia.org/wiki/Fluorescent_in_situ_hybridization
http://en.wikipedia.org/wiki/Fluorescent_in_situ_hybridization
http://en.wikipedia.org/wiki/Fluorescent_in_situ_hybridization
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DNA Packaging 
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Suspension Cell Culture 

 Inoculate 1x106  cells per ml culture 

media 

 Modify culture regime (culture time, 

media, mitogens etc.) depending upon 

suspected diagnosis 

 Incubate in nutrient  rich media at 37°C 

for 24-72 hours 
 

 Synchronise cultures to maximise 

metaphase yield 

 Treat cultures with  mitotic spindle 

inhibitor to arrest cells in metaphase 

 Treat cells with hypotonic 

 Fix cells (3:1 Methanol:Acetic Acid) 

 Fixed cells stored indefinitely if 

required 
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Slide prep 

 Fixed cell suspension spread onto 

glass slide 

 Metaphase spreading influenced by 

environmental conditions 

 Prepare in environmentally controlled 

chamber (temperature/humnidity 

regulated) 

 
 

 Age slides 

 Treat with H2O2, trypsin 

 Stain e.g. Leishmann‘s 

 G-banding: reproducible banding 

pattern 

 Combination of chromosome 

morphology and banding allows 

identification of chromosomes 
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Analysis 

 Automated identification of metaphases 

 Digital capture and enhancement 

 Conversion of a metaphase image into a karyotype 

for analysis 

 Images retained indefinitely 

 Examination of G-banded metaphase preparations 

for structural and numerical chromosome 

abnormalities 

 10-20 metaphases examined by 1st analyst 

 Results checked by 2nd analyst (Registered 

Clinical Scientist) 
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Analysis 

 Well established technique with extensive catalogues of abnormalities: 

 Genetic lesion may define WHO supbtype e.g. Acute Lymphoblastic Leukaemia 

 Mitelman:  http://cgap.nci.nih.gov/Chromosomes/Mitelman 

 Atlas of Oncology: http://atlasgeneticsoncology.org/index.html 

 Identification of recurrent or novel chromosome rearrangments provides information on 

diagnosis and prognosis 

 Provides marker to facilitate disease monitoring 

http://cgap.nci.nih.gov/Chromosomes/Mitelman
http://atlasgeneticsoncology.org/index.html
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Genetic testing 
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Genetic testing 
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Genetic testing 
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Genetic testing 
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Genetic testing 
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Genetic testing 

• Hyperdiploid B-ALL  
• >46 chromosomes 

• High hyperdiploidy 51-65 

chromosomes 

• ~25% B-ALL 

• Favourable outcome 

• Not in infants; decreases in 

frequency in older children 

• Rare in adults 

• No unique morphological 

features 

• Typical pattern of chromosome 

gain (+4, 6, 10, 14, 17,18, 2, X) 
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Genetics of Childhood Leukaemia 

 Hypodiploid B-ALL  
 <46 chromosomes 

 Low hypodiploidy (30-39 

chromosomes) 

 Near haploidy (<30 

chromosomes) 

 3% of ALL 

 Doubled-up hypodiploid can 

mimic hyperdiploid 

 Pattern of chromosome gain may 

overlap 

 Utilise DNA index 

 UKALL 2011 high risk 

abnormalities: t(9;22), t(17;19), MLL, 

hypodiploidy, near happloidy 

(Regimen C) 
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Cytogenetics 

Advantages Disadvantages 

Whole Genome Screen Relatively low resolution (5-10Mb) 

No need to define regions to analyse Sensitivity ~10%  

Detect balanced rearrangements Labour intensive 

Requires cell culture – can enrich for 

abnormal clone 

Requires cell culture – can enrich for 

normal clone 

Well established technique – 

significant databases/resources 

Requires viable cells 
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Fluorescence in situ hybridisation (FISH) 
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Genetic Methodologies - FISH 

1. Prepare substrate i.e. Slide mounted, fixed material: 

 INTERPHASE 

 Uncultured e.g. direct preparation/plasma cell enriched material 

 FFPE; 4μm, slide mounted sections 

 Suspension/Monolayer culture 

 METAPHASE 

 Suspension/Monolayer culture 

2. Probe preparation 

 Various probe formats available: 

 Whole Chromosome Paint (WCP) 

 Repetitive element 

 LSI e.g. Microdeletion and translocation probes, bespoke probes 

 Prepare required probe mixture (hyb buffer contains formamide, herring sperm 

DNA and cot-1)  

3. Pretreatment 

 De-paraffinisation and extensive heat pretreatment of FFPE  

 Pepsin, formaldehyde 

 Alcohol dehydration 
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Genetic Methodologies - FISH 

4. Probe application; apply probe to slide under coverslip 

5. Denaturation 

 Double stranded DNA → single stranded through breaking of 

hydrogen bonds by heat 

 Co-denaturation of probe and target (metaphase/interphase) 

6. Hybridisation 

 Incubation overnight at 37ºC 

 Allows hybridisation of probe to complementary target sequence 

7. Post-washes 

 Stringent washes (0.4xSSC @ 73ºC, 2xSSC @ RT) to remove non-

specific hybridisation 

8. Counterstain 

 DAPI (4',6-diamidino-2-phenylindole); a fluorescent stain that binds 

strongly to A-T rich regions in DNA 

9. Analysis 



Exceptional healthcare, personally delivered http://www.nbt.nhs.uk/genetics 

Genetic Methodologies - FISH 

 Analysis: Suspension/Direct 
 Automated image capture and enhancement 

 Automated analysis possible for some probe 

types 

 100-150 interphase nuclei examined by 1st 

analyst 

 50-100 interphase nuclei examined by 2nd 

analyst (Registered Clinical Scientist) 

 Detect clonal abnormalities in 1-2% of cells 

 Signal pattern verified on metaphases where 

possible 

 Metaphase analysis can characterise 

structural abnormalities 

 Analysis: FFPE 
 50-200 cells from multiple areas 

 >50% tumour content 

 If <50% tumour content accompanying 

marked H&E slide required 
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Genetic Methodologies - FISH 

♀ ♂ 

http://tulane.edu/som/departments/pathology/training/hematopathology_images_32.cfm
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Genetic Methodologies - FISH 

1. Enumeration probes e.g. PTPRT/MAPRE1 



Exceptional healthcare, personally delivered http://www.nbt.nhs.uk/genetics 

Genetic Methodologies - FISH 
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Genetic Methodologies - FISH 

 Dual colour, dual fusion e.g. BCR/ABL1 DC, DF 

http://tulane.edu/som/departments/pathology/training/hematopathology_images_32.cfm
http://path.svhm.org.au/services/Pages/Cytogenetics.aspx
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 Dual Colour, Breakapart e.g. MLL  

MLL                        

break apart 
t(4;11)(q21;q23) 
t(9;11)(p21;q23) 

t(11;19)(q23;p13.3)  

4 4 

11 11 

MLL 
11q23 

MLL 
11q23 

4 

der(4) 11 

der(11) 

5’ MLL 
 

3’ MLL 
 MLL 

11q23 
 

Vysis 

Genetic Methodologies - FISH 
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Genetic Methodologies - FISH 
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Advantages Disadvantages 

Higher resolution (~100Kb) Will not detect mutations 

Target a priori defined regions Target a priori defined regions 

 

Culture not required e.g. direct & 

plasma cell enriched preparations 

Tumour content not verified from 

uncultured preparations 

Applicable to FFPE – maintain in vivo 

structure 

In the absence of H&E slide/verified 

tumour content risk of false -ve 

Sensitive and specific 

 

Will detect specific balanced 

rearrangements 

Range of commercially available 

probes. Bespoke probes can be 

produced at BGL 

Fluorescence in situ hybridisation (FISH) 
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Oncology Genetics: Molecular 

Pathology 

 

Tbc…… 


