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Chapter 14: The Human Genome – Making Karyotypes Lab Answers

In modern genetics, the human genome serves as the blueprint for life, providing the instructions that shape every

cell and organ. Chapter 14 of the standard cytogenetics curriculum focuses on the practical application of this

knowledge: creating karyotypes in the laboratory and interpreting the resulting data. This chapter is essential for

students and clinicians alike, offering a comprehensive guide to the techniques, troubleshooting steps, and clinical

implications of chromosomal analysis. Whether you are a budding geneticist, a medical laboratory technician, or a

curious learner, this article will walk you through the core concepts, step �by �step procedures, and real �world

applications that make Chapter 14 a cornerstone of modern genetic diagnostics.

Understanding the Human Genome

The human genome comprises approximately 3.2 billion base pairs, organized into 23 pairs of chromosomes. Each

chromosome carries thousands of genes that dictate everything from eye color to disease susceptibility. The study

of the genome has evolved from simple gene mapping to whole �genome sequencing, but the foundational practice

of karyotyping remains a critical tool for identifying chromosomal abnormalities. Chapter 14 emphasizes the

importance of mastering karyotype construction to bridge the gap between genomic theory and clinical practice.

Key Concepts Covered in Chapter 14

•  Chromosomal structure – centromeres, telomeres, and banding patterns.

•  Banding techniques – G �banding, R �banding, and Q �banding.

•  Cell cycle synchronization – arresting cells in metaphase.

•  Image analysis – software tools for chromosome measurement.

•  Diagnostic criteria – interpreting numerical and structural anomalies.

Preparing for Karyotyping: Lab Setup and Sample Collection

Successful karyotyping begins long before the microscope is turned on. Proper sample collection, cell culture, and

mitotic arrest are critical steps that determine the quality of the final karyotype. Chapter 14 outlines the entire

workflow, ensuring that technicians can produce reproducible, high �resolution results.

Sample Collection and Handling

Blood, amniotic fluid, or bone marrow aspirates are the most common sources for karyotyping. The key is to

preserve cellular integrity:

•  Use anticoagulants like heparin or EDTA.

•  Maintain samples at 4 /°C if processing is delayed.

•  Avoid excessive agitation to prevent cell lysis.

Cell Culture and Mitotic Arrest

Cells must be cultured to reach sufficient numbers for metaphase spread:



•  Incubate at 37 /°C with 5% CO ‚.

•  Add phytohemagglutinin for lymphocyte stimulation.

•  Use colchicine or colcemid to arrest cells in metaphase.

Constructing the Karyotype: From Slides to Images

The transformation of raw metaphase spreads into a readable karyotype is a meticulous process. Chapter 14

provides step �by �step instructions that emphasize precision and consistency.

Slide Preparation

After mitotic arrest, cells are harvested and dropped onto slides. Key steps include:

•  Hypotonic treatment with 0.075 /M KCl to swell cells.

•  Fixation with a methanol �acetic acid mixture (3:1).

•  Air �drying and staining with Giemsa.

Banding and Imaging

Banding patterns reveal the unique identity of each chromosome. G �banding is the most widely used method,

producing a series of light and dark bands:

•  Stain at 37 /°C for optimal contrast.

•  Capture high �resolution images using a digital camera attached to a microscope.

•  Use image �analysis software to measure chromosome lengths and band positions.

Lab Answers: Interpreting Karyotype Results

Chapter 14 not only teaches how to create a karyotype but also how to interpret the data. The lab answers section

provides a framework for diagnosing chromosomal disorders and guiding clinical decision �making.

Numerical Abnormalities

Numerical changes involve an extra or missing chromosome:

•  Trisomy 21 – Down syndrome.

•  Monosomy X – Turner syndrome.

•  Other autosomal trisomies – e.g., trisomy 18 (Edwards syndrome).

Structural Abnormalities

Structural changes can involve deletions, duplications, inversions, or translocations:

•  Deletion 5q – associated with myelodysplastic syndromes.

•  Translocation 9;22 (Philadelphia chromosome) – chronic myeloid leukemia.

•  Inversions that may be benign or pathogenic depending on breakpoint locations.

Interpretation Guidelines

When reviewing karyotype results, consider:

•  Consistency across multiple metaphase spreads.

•  Comparison with reference banding patterns.

•  Correlation with patient phenotype and family history.

Clinical Applications of Karyotyping



While whole �genome sequencing is rapidly advancing, karyotyping remains indispensable for certain clinical

scenarios. Chapter 14 highlights the most common applications.

Prenatal Diagnosis

Amniocentesis and chorionic villus sampling (CVS) allow for early detection of chromosomal anomalies, enabling

informed decision �making for expectant parents.

Neonatal and Pediatric Disorders

Newborn screening for conditions like Down syndrome, Klinefelter syndrome, and various microdeletion syndromes

relies heavily on karyotype analysis.

Oncology

Many cancers exhibit characteristic chromosomal translocations (e.g., Burkitt lymphoma’s t(8;14)). Karyotyping

helps classify tumor subtypes and informs treatment strategies.

Troubleshooting Common Karyotyping Issues

Even experienced technicians encounter challenges. Chapter 14 offers practical solutions to common problems.

Low Metaphase Yield

•  Optimize mitotic arrest timing.

•  Check for contamination or inadequate cell stimulation.

•  Adjust culture conditions (temperature, CO ‚ levels).

Poor Banding Quality

•  Ensure proper fixation and staining protocols.

•  Use fresh reagents to avoid degradation.

•  Calibrate microscopes for optimal light intensity.

Inconsistent Chromosome Counts

•  Review multiple metaphase spreads.

•  Verify that the cell line is not mosaic.

•  Consider repeat testing if discrepancies persist.

Resources for Further Learning

To deepen your understanding of the human genome and karyotyping, consult the following resources:

•  American Society of Human Genetics (ASHG) – Guidelines and best practices.

•  National Center for Biotechnology Information (NCBI) – Genome Browser and literature.

•  Clinical Cytogenetics Journals – Peer �reviewed case studies.

•  Online courses from universities offering cytogenetics modules.

Conclusion

Chapter 14 of the cytogenetics curriculum is more than a textbook section; it is a gateway to practical, life �changing

diagnostics. By mastering the techniques for creating and interpreting karyotypes, you gain the ability to identify

chromosomal disorders, guide patient care, and contribute to the broader understanding of the human genome.

Whether you are preparing for a career in genetics, conducting research, or simply expanding your knowledge, the

skills outlined in this chapter will remain invaluable in the evolving landscape of genomic medicine.
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