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Image: Blood smears of healthy (left) and SCD (right) patients. Left: Most visible cells are red blood cells.

Cells labeled, “segmented neutrophils,” are a type of white blood cell, and platelets are fragments derived from

cells called megakaryocytes (literally, large nucleus cells). Right: A permanently sickled red cell is indicated by

the double arrow. Single arrows point to other manifestations of the pathology.

Prologue

Technologies that allow sequencing of nucleic acids have given us “the Human Genome.” But
what is that, really? We all differ genetically. So how can a single genome represent all
nearly 8 billion humans that currently exist? In fact, such a consensus genome was only
one goal of the Human Genome Project. Another was to collect information about variation
among individuals—its extent, location, type and clinical impacts. That portion of the project
remains a very active area of research. So now, when you visit the NCBI Human Genome
Project gateway you can easily find information on variations among humans—single nucleotide
variants (SNVs), deletions, insertions, chromosomal aberrations and more.
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https://www.ncbi.nlm.nih.gov/projects/genome/guide/human/
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1 Readings

� Required readings: §4.2, §4.4, §4.5, §4.6, §4.7, and §4.8 of the textbook (Krebs et al.,
2018).

� Optional reading: Grotkopp et al. (2004); Lang et al. (1999).

2 Core exercises

1. People with sickle-cell disease (SCD) are homozygous for a mutant allele of the beta
globin gene, Hbb. The mutant allele is characterized by an A → T substitution in the 7th
codon of Hbb, which changes glutamic acid (E) to valine (V) in the beta globin protein.
In Nigeria, the frequency of this mutant allele has been estimated to be about 17% (Pule
et al., 2017). Would this be considered a SNP by the criteria listed in the textbook (Krebs
et al., 2018)? Explain your reasoning.

2. Would the mutation just described be considered polymorphic in the human population?
Explain your reasoning.

3. In the same gene (Hbb), the human genome project has identified another mutant allele
in which a TG pair (in the reading frame of Hbb) has been deleted between the 6th and
7th codons. This mutation causes another blood disease called β-thalassemia. Click here
to view and explore the entry for this mutation in the NCBI website.

(a) I called this a TG deletion. What does the NCBI website call it?

(b) Who’s right—me, the NCBI, or both? Explain your answer.

(c) Explore that page thoroughly. Mouse over the red dashes below the main sequence.
What do these represent?

(d) How are deletions marked in this page?

(e) How are insertions marked in this page?

(f) Is the statement made in §4.2 of the textbook (Krebs et al., 2018) that, “On average,
one SNP occurs for approximately every 1330 bases in the human genome” supported
by the data shown on the page linked above?

4. How does the pattern of repetitive and nonrepetitive DNA sequences differ between
prokaryotes and eukaryotes?

5. What portions of the human genome are inherited only maternally?

6. What types of genes are encoded by the mitochondrial genome?

7. What types of genes are encoded by the chloroplast genome?

8. Are all genes required by the mitochondria and chloroplast present in their genomes?
Explain.
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https://www.ncbi.nlm.nih.gov/snp/rs281864519?horizontal_tab=true
https://www.ncbi.nlm.nih.gov/snp/rs281864519?horizontal_tab=true


3 Intermediate exercises

9. Explore the NCBI entry for the Hbb gene in general by clicking here. How does the
NCBI designate ORFs in the “Genomic Regions, Transcripts, and Products” section of
the entry?

10. Consider the following statement: “The genomes of mice and humans are completely
different because they have different chromosomes and even different numbers of chromo-
somes.” Explain, using the concept of synteny, why such a statement would be misleading.

4 Advanced exercise

11. Pine trees (genus Pinus) are well known to have extremely large, complex genomes, so
much so that their genomes remain among the most poorly characterized of all known
species. The average size of the Pinus genome has been estimated to be about 29
picograms (pg) (Grotkopp et al., 2004). One pg of DNA equates to 978 megabases (MB),
or 978× 106 bases (Gregory et al., 2007).

(a) Use the information in §4.4 of the textbook (Krebs et al., 2018) to estimate the
proportion of the Pinus genome that is repetitive.

(b) How does this value compare to the species characterized in Figure 4.2 of the text-
book?
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