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Image: Results from 2 DNA sequencing studies. Left: Gel blot results from first-generation sequence as devel-

oped by Fred Sanger. The wells are at the top of the picture and the positive electrode is at the bottom. Right:

Chromogram from cycle sequencing. The gel was scanned from bottom (toward the positive electrode) to top

(toward the negative electrode). Black is G; green is A; red is T and blue is C.

Prologue

As it became more and more clear that “genes,” as traditionally defined, coded for molecules—
primarily proteins and RNAs—a belief was born that we could unravel the mysteries of biology
by chronicling the “Book of Life”—the genome, the complete DNA sequence in an organism.
However, shortly after we embarked on the genome projects, we became increasingly aware that
we were in fact unlocking more mysteries and than we were solving. We learned that genomes
have functionally significant structures independent of the genes. Variations among individ-
uals, populations and species also have structure. These patterns spawned the subdiscipline
of biology called genomics. Here we begin to study those patterns in our continuing effort to
plumb the depths of heredity.
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1 Readings and videos

� Required readings: §2.7, §2.8, and §4.1 of the textbook (Krebs et al., 2018).

� Required videos: CSHL Early DNA Sequencing, Cycle sequencing, Public project se-
quencing, Private project sequencing, and Polymerase chain reaction (PCR).

� Optional reading: Sanger et al. (1977).

2 Core exercises

1. Explain the function of ddNTPs in early DNA sequencing technologies.

2. Describe a challenge faced by both public and private DNA sequencing efforts.

3. Describe the sequence of temperature changes and their functions during a single cycle in
standard PCR techniques.

4. What is the typical maximum number of cycles in which PCR is effective? Why can’t
PCR be continued for an indefinite number of cycles?

5. Compare and contrast the concepts of genome, transcriptome and proteome.

3 Intermediate exercises

6. Approximately how many amplicons are produced after 35 cycles of PCR? Show the
equation you used to obtain this value.

7. You are attempting to use PCR to amplify a region of DNA 500 base pairs in length. To
set the duration of the elongation step, what is the minimum time needed to ensure the
entire sequence of 500 nucleotides is copied?

8. Read the DNA sequence estimated from the gel shown in the left-hand panel of the figure
on page 1 of this document. Be sure to correctly mark 5′ and 3′ ends.

9. Read the DNA sequence estimated from the chromogram shown in the right-hand panel
of the figure on page 1 of this document. Be sure to correctly mark 5′ and 3′ ends.

4 Advanced exercise

10. Corona viruses, like SARS-CoV-2 which causes COVID-19, have an RNA genome. Ex-
plain how one could use RT-PCR to amplify the coronavirus genome to identify the virus
in clinical diagnostic tests.
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https://dnalc.cshl.edu/resources/animations/sangerseq.html
https://dnalc.cshl.edu/resources/animations/cycseq.html
https://dnalc.cshl.edu/resources/3d/28-public-project-sequencing.html
https://dnalc.cshl.edu/resources/3d/28-public-project-sequencing.html
https://dnalc.cshl.edu/resources/3d/30-private-project-sequencing.html
https://dnalc.cshl.edu/resources/3d/19-polymerase-chain-reaction.html
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