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Objectives

Participants will be able to:
 List one benefit evidence-based 

use of cytogenetic testing.
 Identify specific sections of a 

cytogenetic report 
 Identify abnormalities in genomic 

findings.
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Poll Question 1

Have you had any formal training in genomics? 
1. Yes

2. No

3. Not sure
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Genomic Key Concepts
 Genetics versus genomics

• Having to do with genes which are 
sequences of DNA that contain 
information for making specific RNA 
molecules or proteins that perform 
important functions in a cell

• Genomics is the complete set of 
DNA (including all of its genes) in a 
person or other organism

https://www.genome.gov/genetics-glossary/Somatic-Cells
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/genetic
https://www.cancer.gov/publications/dictionaries/cancer-terms/expand/G

 Somatic versus germline genetic variants
• Somatic variants occur after conception and cannot be passed on to 

children
• Germline variants are inherited at the time of conception 
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Deoxyribonucleic Acid (DNA)

 DNA is made up of four nucleotides: 
 Adenine (A), Thymine (T), Guanine (G), Cytosine (C). 
 Nucleotides attach to each other (A with T, and G with C) to form 

chemical bonds called base pairs, which connect the two DNA 
strands. 

 Genes are made up of sequences of nucleotides at specific locations 
on chromosomes in the nucleus of cells. 

 The DNA sequence provides the code for making specific proteins that 
lead to the expression of a particular physical characteristic or traits, 
i.e. eye color, or specific cell functions.  

https://www.cancer.gov/publications/dictionaries/genetics-dictionary/def/gene
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Proteins
 Proteins are large, complex molecules that play many important roles 

in the body. 
 Proteins are essential to the work done by cells 
 Required for the structure, function and regulation of the body’s 

tissues and organs. 
 A protein is made up of one or more long, folded chains of amino acids 
 Amino acid sequences are determined by the DNA sequence of the 

protein-encoding gene.

https://www.genome.gov/genetics-glossary/Protein
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Chromosomes
 Located inside the nucleus of 

a cell
• A chromosome is made up 

of proteins and DNA 
organized into genes 

• Each cell normally contains 
23 pairs of chromosomes
o One chromosome from 

each parent
• Telomeres are the ends of 

chromosomes
o Shorten with age

https://www.genome.gov/about-genomics/fact-sheets/Chromosome-Abnormalities-Fact-Sheet
https://www.genome.gov/genetics-glossary/histone
https://www.cancer.gov/publications/dictionaries/genetics-dictionary/def/telomere
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Chromosomes, cont
• Separated by a pinched region, the 

centromere. The shorter arm is 
called the "p" arm. The longer arm 
is called the "q" arm

• Chromosome contain a long 
molecule of DNA, which must fit 
into the cell nucleus
o DNA wraps around histone 

proteins, giving the chromosome a 
more compact shape

o Histones also play a role in 
regulation of gene expression

https://www.genome.gov/about-genomics/fact-sheets/Chromosome-Abnormalities-Fact-Sheet
https://www.genome.gov/genetics-glossary/histone
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Cytogenetics
 The study of chromosomes and their 

inheritance
• Can be germline or somatic

 Staining techniques can be used to assess 
the number and structure of a person’s 
chromosomes as part of diagnostic testing. 

 The number and/or structure of 
chromosomes
 Known to be altered in certain genetic 

diseases including cancer
• Autosomes Chr 1-22, Sex Chr XX or XY, short 

arm p, long arm q, centromere-thin part that 
joins the arms, telomere-end of chromosome

https://www.genome.gov/genetics-glossary/Cytogenetics; 
https://www.genome.gov/genetics-glossary/Centromere
https://www.genome.gov/genetics-glossary/Telomere
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Interphase
 A cell spends most of its 

time in Interphase
• Grows

• Replicates 

• Prepares for cell division

https://www.genome.gov/search?terms=interphase
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Metaphase
 Metaphase is a stage during the 

process of cell division (mitosis 
or meiosis). 
• The nucleus dissolves and the 

cell’s chromosomes condense 
and move together, aligning in the 
center of the dividing cell.

• Chromosomes are distinguishable 
when viewed through a 
microscope. 

• Metaphase chromosomes are 
used in karyotyping.

https://www.cancer.gov/publications/dictionaries/cancer-terms/def/meiosis; https://www.genome.gov/genetics-glossary/Mitosis
https://www.genome.gov/genetics-glossary/Metaphase

Mitosis-cellular process that replicates chromosomes and produces 
two identical nuclei in preparation for cell division.
Meiosis-type of cell division in which each daughter cell receives 
half the amount of DNA as the parent cell. Meiosis occurs during 
formation of egg and sperm cells in mammals.
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Chromosome Abnormalities

https://www.genome.gov/about-genomics/fact-sheets/Chromosome-Abnormalities-Fact-Sheet
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Example: Philadelphia Chromosome

https://www.cancer.gov/publications/dictionaries/cancer-terms/def/philadelphia-chromosome

 Translocation results in an 
abnormal fusion gene 
BCR::ABL1

 The protein made by 
BCR::ABL1 fusion gene 
results in growth of 
immature white blood cells 

 Associated with chronic 
myelogenous leukemia and 
some acute lymphocytic 
leukemia or acute 
myelogenous leukemia

 Discovered in 1960
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Chromosome Abnormalities, cont

 Aneuploidy 
• The occurrence of one or more 

extra or missing chromosomes in a 
cell or organism due to loss or 
duplication 
o i.e. Trisomy-presence of three 

copies of a specific chromosome in 
some or all of the body’s cells 
instead of the usual two copies

• The most prevalent genomic 
change in cancer 

Zhakula-Kostadinova, N., Alison M. Taylor, A.M. (2024). Patterns of Aneuploidy and Signaling Consequences in Cancer. 
Cancer Res. 84, 2575-2587.
Shih, J. et al. (2023). Cancer aneuploidies are shaped primarily by effects on tumour fitness. Nature, 619, 793–800.
https://www.cancer.gov/publications/dictionaries/genetics-dictionary/def/aneuploidy
https://www.genome.gov/genetics-glossary/Aneuploidy
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/trisomy
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Mosaicism
 Mosaicism refers to the presence of cells in a person that have a 

different genome from the body’s other cells. 

• Could be due to a specific genomic variant, for example, or the addition 
or loss of a chromosome. 

• A genetic change that occurs after fertilization of an egg, during very 
early embryo development, or it could occur later in development. 

• Mosaicism can affect any type of cell and does not always cause 
disease.

https://www.genome.gov/genetics-glossary/Mosaicism
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Poll Question 2

What is the most common chromosomal abnormality in cancer?
1. Translocation
2. Deletion
3. Duplication
4. Aneuploidy
5. Inversion
6. Substitution
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Techniques Used in 
Cytogenetics
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Karyotyping
 Genetic test that analyzes the size, 

shape, and number of chromosomes in 
a sample of cells taken from blood, 
amniotic fluid, bone marrow, or other 
tissue. 

 A laboratory-produced image of a 
person’s chromosomes isolated from an 
individual cell and arranged in numerical 
order. 

 A karyotype may be used to look for 
abnormalities in chromosome number or 
structure. 

https://www.genome.gov/genetics-glossary/Karyotype 
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/karyotyping
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Standards for Karyotyping
 Evaluate 20 metaphase cells 

looking for numeric and 
structural changes
 A chromosome gain is 

considered clonal if observed in 
>2 metaphase cells.
o Clonal means that the finding 

is from a single progenitor cell 
and they share the same 
genetic makeup

 A single chromosome loss is 
considered clonal if it is 
observed in >3 metaphase 
cells.

Balciuiene, J., et al. (2024). Cancer cytogenetics in a genomics world: 
Wedding the old with the new. Blood Reviews. 66.
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Karyotype Results
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Poll Question 3

What is the metaphase?
1. Metaphase chromosomes are used in karyotyping.
2. The nucleus dissolves and the cell’s chromosomes condense and 
move together, aligning in the center of the dividing cell. 
3. Chromosomes are distinguishable when viewed through a 
microscope. 
4. All of the above
5. None of the above
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Fluorescence In Situ Hybridization (FISH)
 Technique that identifies specific 

chromosomes or chromosomal 
regions by hybridization 
(attachment) of fluorescently-
labeled DNA probes to 
denatured chromosomal DNA.
• Denature means the DNA 

unwinds and is single stranded
 Examination through a 

microscope under fluorescent 
lighting detects the presence or 
absence of the colored 
hybridized signal.
• The presence or absence of the 

chromosome material. 
https://www.genome.gov/genetics-glossary/Fluorescence-In-Situ-Hybridization-FISH
https://www.cancer.gov/publications/dictionaries/genetics-dictionary/def/fluorescence-in-situ-hybridization
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Value of FISH
 Targeted, specific as to location
 Identifies small deletions or insertions 

not detectable by other methods
 Provides a way to visualize and map 

the genetic material in an individual's 
cells, including specific genes or 
portions of genes

 Can be performed on non-dividing 
cells such as fixed samples

 Useful for cancers with low 
proliferative index or poor 
chromosome morphology, i.e. 
Multiple Myeloma

https://www.genome.gov/about-genomics/fact-sheets/Fluorescence-In-Situ-Hybridization
Balciuiene, J., et al. (2024). Cancer cytogenetics in a genomics world: Wedding the old with the new. Blood 
Reviews. 66.
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 Test was performed on nuclei using in situ hybridization on fixed tissues. 
 i.e. nuc ish (D12Z3,MDM2)X2[100],(TP53X1,D17Z1X2)[44/100]

• D12Z3 refers to a DNA sequence located on chromosome 12 in the 
region of the centromere  
o Helps identify and quantify chromosome 12 where MDM2 gene is located 
o Can detect amplification of MDM2 which regulates TP53
o This result shows that there are 2 copies of MDM2

• TP53X1 indicates that there is only one copy of TP53
• D17Z1X2 is a DNA probe on chromosome 17 in the region of the 

centromere 
• Used as a control to count the number of chromosome 17 copies 
• "X2" indicates two copies of the chromosome 17 centromere
• 44/100 indicates this was detected in 44/100 cells

Nucleic Acid In Situ Hybridization (nuc ish)
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Fish and nuc ish Results
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Fusion Gene
 A gene made by joining parts of two different genes. 
 Fusion genes, and the fusion proteins that come from them can be 

made naturally in the body when part of the DNA from one 
chromosome moves to another chromosome. 

 Fusion proteins produced by this change may lead to the development 
of some types of cancer. 

 Gene fusions can occur in 2 or more genes.
 Fusion genes and proteins may also be found in several other types of 

cancer, including soft tissue sarcoma, cancers of the prostate, breast, 
lung, bladder, colon, and rectum, and CNS tumors. 

https://www.cancer.gov/publications/dictionaries/cancer-terms/def/fusion-gene
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Philadelphia Chromosome
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Poll Question 4

What is the advantage of using FISH?
1. Can be performed on tissue blocks
2. Is useful for identifying small genetic changes such as insertions or 
deletions of base pairs
3. Targeted and highly specific
4. All of the above
5. None of the above
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Microarray

 Fish in some instances is being replaced 
by microarrays 
• Binds thousands to millions of known nucleic 

acid fragments to a solid surface, “chip.” 
• Chip is then bathed with DNA or RNA isolated 

from a study sample (such as cells or tissue). 
• Complementary base pairing between the 

sample and the chip-immobilized fragments 
produces light through fluorescence that can 
be detected using a specialized machine.
o Can be used for gene expression, specific 

DNA sequences, can detect single nucleotide 
polymorphisms and copy number changes

https://www.genome.gov/genetics-glossary/Microarray-Technology
Balciuiene, J., et al. (2024). Cancer cytogenetics in a genomics world: Wedding the old with the new. Blood 
Reviews. 66.
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Newer Techniques
 Optical Genome Mapping

• Uses large strands of DNA to detect genome wide changes
o Copy number changes, structural changes, deletions, duplications, 

balanced translocations, unbalanced translocations, and rearrangements
 Next generation sequencing

• Sequence millions of DNA molecules
 Amplicon-based next generation sequencing

• Greater depth which facilitates detection of lower frequency variants 
and tumor heterogeneity
o Tumor heterogeneity: the difference between cancer cells within a single 

tumor, or the differences between a primary (original) tumor and a 
secondary tumor. 

Balciuiene, J., et al. (2024). Cancer cytogenetics in a genomics world: Wedding the old with the new. Blood 
Reviews. 66.
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/tumor-heterogeneity
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Sequencing

 Is this somatic or germline?
 Variant Allele Frequency

• Frequency in which the variant is 
detected in the sample
o High VAF (i.e. 50%) can indicate the variant is 

coming from the germline
https://www.amp.org/AMP/assets/File/education/resources/NGS_Interpretation_FINAL_2_28
_18.pdf?pass=9
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Chromosome Instability and Cancer
 Chromothripsis 

• Widespread DNA damage 
• Formation of complex chromosomal 

rearrangements as a result of shattering 
o The shattered chromosome then undergoes faulty 

DNA repair
 Extra-chromosomal DNA (ecDNA)

• Mechanism for amplification
 Driver of rapid genome evolution
 Epigenetic reprogramming
 Driver of tumor promoting inflammation
 Driver of cancer metastasis
 Tumor immune evasion and therapeutic resistance

Mazzagatti, A. et al. (2024). Boveri and beyond: Chromothripsis and genomic instability from mitotic errors. Mol Cell. 84, 
55–69.
Chen et al. (2025). Chromosomal instability as a driver of cancer progression. Nature Reviews Genetics, 26, 31-46.
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SWOG Cytogenetics Report and CRF

chr copies

Karyotype listed first (subclones)

Number 
and gender Location of 

translocation

Sample

Metaphase 
quality 
indicator
(400-550)

Fish results

Staining method used to see the chr bands

# metaphases, nml and abn

Collect 
date
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Clinical Utility of Cytogenetics
 Cytogenetics is used to identify chromosomal abnormalities that are 

specific to certain cancer type or stage
• Informs diagnosis
• Disease classification
• Disease prognosis
• Monitoring of disease
• Increasingly fast (i.e. <3 day turnaround)

 Cost effective
 Elucidating chromosome copy number changes and structural 

abnormalities informs the underlying genomic disease mechanisms which 
may inform therapeutic decision-making and the development of novel 
therapeutic targets

Balciuniene, J. et al. (2024). Cancer cytogenetics in a genomics world: 
Wedding the old with the new. Blood Reviews, 66. 
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Calzonek@mail.nih.gov
240-760-6178

Questions/Discussion



Prior QA Webinars Accessible for Review

CEU Courses posted in CLASS:

 Serious Adverse Event Reporting & 
Updates 
(1 contact hour)

 Workload Prioritization in Clinical Trials
(1.5 contact hours)

 Disease Assessment in Solid Tumors
(1 contact hour)

 Best Practices for Informed Consent 
(1 contact hour)

 Research Protocol Deviations vs 
Deficiencies 
(1 contact hour)

Non-CEU Courses posted in CLASS:
 Adverse Event Reporting 

 SWOG Audits: Preparing for Success and Audit 
Process

 How to Develop a CAPA Plan

Previous Webinars and Upcoming Webinar Information is posted at: 
SWOG Quality Assurance Live Webinar Series | SWOG

https://www.ctsu.org/Public/class.aspx?courseid=0b47e93b-1be2-4d2e-a9a5-cd26c2544ce6
https://www.ctsu.org/Public/class.aspx?courseid=0b47e93b-1be2-4d2e-a9a5-cd26c2544ce6
https://www.ctsu.org/Public/class.aspx?courseid=5a3db91a-050a-48c5-8598-63476fb10cc7
https://www.ctsu.org/Public/class.aspx?courseid=2fd515c8-1244-421e-985c-22cd2914e0e7
https://www.ctsu.org/Public/class.aspx?courseid=5a464382-fee1-4bcb-af71-0caf98d079a9
https://www.ctsu.org/Public/class.aspx?courseid=fd20a65c-cce3-4e79-af3f-6dcc2bd0034a
https://www.ctsu.org/Public/class.aspx?courseid=fd20a65c-cce3-4e79-af3f-6dcc2bd0034a
https://www.ctsu.org/Public/class.aspx?courseid=f52c0ce7-507e-4790-bc1f-84312e421e2e
https://www.ctsu.org/Public/class.aspx?courseid=a26d7291-1a48-43cf-9d42-a7b7af5fbf0c
https://www.ctsu.org/Public/class.aspx?courseid=a26d7291-1a48-43cf-9d42-a7b7af5fbf0c
https://www.ctsu.org/Public/class.aspx?courseid=e4e65964-ffa1-4624-ae8d-2d5c7ef1fd93
https://www.swog.org/swog-quality-assurance-live-webinar-series


This activity will be submitted to the Georgia Nurses 
Association for approval to award contact hours. 
Georgia Nurses Association is accredited as an 
approver of nursing continuing professional 
development by the American Nurses Credentialing 
Center's Commission on Accreditation.

Upcoming QA Live Webinar
Biospecimen Collection and Submission

~Presented by: 
Nationwide Children’s Hospital / SWOG Biospecimen Bank: 

Lisa Beaverson, Biorepository Protocol Coordinator and 
Hannah Brown, Biorepository Protocol Coordinator

Friday, October 17th, 2025 
12:00 PM Eastern Time

Registration information will be distributed via: 

     SWOG Broadcast Emails, 

     CTSU Broadcast Emails, and at

     SWOG’s Fall Group Meeting in Chicago.

CEUs available

Biospecimen 
Collection & 
Submission

Watch for the  
Broadcast 

Announcement

Upcoming 
Webinar
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