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Image: Fluorescence in situ hybridization (FISH) study in a healthy human female. All chromosomes fluoresce

blue in this image. Centromeres of the X chromosomes fluoresce green. The red probe binds to a section of the

gene responsible for Duchenne muscular dystrophy (DMD).

Prologue

Gregor Mendel (1866) first predicted the existence of genes as we currently understand them in
the 1860s. But he had no idea what the nature of those particles was. The first comprehensive,
coherent expression of our modern theory of chromosomal inheritance was made by Morgan
et al. (1915) about 50 years later. But still, 2 major questions remained unanswered. First, how
could so few chromosomes—e.g., only 46 in humans and 6 in Aedes aegypti—carry information
about all the traits in an organism? Second, chromosomes are made of both protein and nucleic
acid (DNA). Which carries the genes: protein, DNA or both? In this lecture we will explore
studies by Griffith (1928) and Avery et al. (1944) that showed that DNA is the genetic material.
Following that discovery, Watson, Crick, Franklin and Wilkins worked out the structure of DNA
(Watson and Crick, 1953b; Wilkins et al., 1953; Franklin and Gosling, 1953), which set the stage
for modern molecular genetics.
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1 What is the structure of DNA?

1.1 Readings and videos

� Required readings: §1.4 and §1.6 of the textbook (Krebs et al., 2018); Watson and
Crick (1953b); Pray (2008) (Can be accessed by clicking here).

� Optional readings: Franklin and Gosling (1953); Wilkins et al. (1953)

1.2 Core exercises

1. What is the structure labeled “C” in Figure 1?
Be as specific as you can.

2. What is the structure labeled “B” in Figure 1?
Be as specific as you can.

3. How is the carbon labeled “E” in Figure 1 desig-
nated the the standard scheme?

4. How is the carbon labeled “D” in Figure 1 desig-
nated the the standard scheme?

5. What is the proper name of the moiety labeled
“F” in Figure 1?

6. What is the type of molecule labeled “A” in Fig-
ure 1, comprising structures B, C, D and E?

7. What is the type of molecule labeled “G” in Fig-
ure 1, comprising structures A and F?

8. Consider the molecules shown in Figure 2. These
are nitrogenous bases not found in nucleic acids
(DNA and RNA). Are these derived from purine
or pyrimidine? Defend your answer.

9. Explain why DNA is considered antiparallel.

10. What is Chargaff’s Rule, and how does the
Watson-Crick-Franklin-Wilkins model of DNA
explain it?

Figure 1: Building block of nucleic
acids.

Figure 2: Types of nitrogenous bases
not found in DNA.
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11. What is the proper name of the bond indicated
in Figure 3?

12. In Figure 3, how would we refer to the top of the
molecule, and how would we refer to the bottom?

13. A section of human chromosome 17 has the fol-
lowing sequence:

5′ GACAGGGTTTG 3′.

What is the complementary sequence?
Figure 3: Diagram of a dinucleotide.

1.3 Intermediate exercise

14. Below is data taken directly from Chargaff (1950):

Nucleotide Ox Sheep Pig Human Ox Yeast
RNA RNA RNA DNA DNA DNA

Guanosine 0.38 0.37 0.48 0.21 0.24 0.18
Cytosine 0.26 0.29 0.21 0.17 0.18 0.17
Adenosine 0.23 0.22 0.21 0.31 0.30 0.32
Thymine/Uracil 0.13 0.12 0.10 0.31 0.28 0.33

This table shows the proportion of each nucleotide found in either RNA or DNA from the
source listed. (Note: the RNA samples show uracil and the DNA samples show thymine.)
For example, ox RNA is 38% guanosine, while human DNA (from a cancer sample) is
21% guanosine.

Use the data in the table above to calculate the G/C and A/T ratios for each of the
samples listed. Record those values in the table below:

Nucleotide Ox Sheep Pig Human Ox Yeast
RNA RNA RNA DNA DNA DNA

G/C ratio

A/T ratio

Use Chargaff’s Rule to explain the patterns that you find in these data. (Note: These are
real data, so they contain measurement errors. Try not to allow that confuse you—the
pattern is there.)
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2 How do we know that DNA is the genetic material?

2.1 Readings

� Required reading: §1.2 and §1.3 of the textbook (Krebs et al., 2018).

� Optional readings: Griffith (1928), Avery et al. (1944), Hershey and Chase (1952).

2.2 Core exercises

1. Suppose you perform a series of experiments like those of Griffith (1928) using the same
strains of mice and bacteria. Predict the outcome of the following inoculations; that is,
predict whether the mice you inoculate with the various combinations would contract
pneumonia or not. ‘+’ means the living strain is in the inoculant, ‘−’ means the strain is
not in the inoculant, and ‘killed’ means that the heat-killed remains of the strain are in
the inoculant.

Exp # Strain R Strain S Result (sick or healthy)

1 + −
2 − +
3 + +
4 − −
5 Killed −
6 − Killed
7 Killed +
8 + Killed

2. Which experiment(s) in the table above shows transformation?

3. What did Avery et al. (1944) show was the transforming principle?

4. Suppose that you repeat the experiment of Hershey and Chase (1952) using the same
bacteriophage and bacterial species.

(a) Before the first infection, where would you find the majority of the radiolabeled P:
in the viruses or in the bacteria?

(b) Before the first infection, where would the majority of the radiolabeled S be: in the
viruses or in the bacteria?

(c) After the first infection, but before the bacteria burst, where would the majority of
the radiolabeled P be: outside the bacteria or inside?

(d) After the first infection, but before the bacteria burst, where would the majority of
the radiolabeled S be: outside the bacteria or inside?

(e) After the infected bacteria have burst, the newly released virions (virus particles)
would contain which of the following: radiolabeled P, radiolabeled S, or both?

(f) Explain how these results demonstrate that DNA, but not protein, is the genetic
material of bacteriophages.
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2.3 Intermediate exercise

5. Suppose you perform the following experiment using cell cultures identical to the ones
depicted in Figure 1.8 of the textbook (Krebs et al., 2018). To one half of the cultures
(Treatment A) you add the enzyme, thymidine kinase. To the others (Treatment B), you
introduce artificially engineered strands of DNA containing the TK gene.

(a) Which Treatment, A or B or both, would you expect to exhibit indefinite growth
(i.e., the ability to grow in culture without limit)? Explain your answer.

(b) What is the correct term for this phenomenon? Hint: it’s what transformation is
called in eukaryotes.

3 How is DNA replicated?

3.1 Readings

� Required readings: §1.7 of the textbook (Krebs et al., 2018).

� Required video: “Replicating the Helix” from CSHL’s DNA Learning Center.

� Optional readings: Meselson and Stahl (1958); Watson and Crick (1953a).

3.2 Core exercises

1. During DNA replication, which types of bonds break when DNA is denatured—ionic,
covalent, hydrogen, or some combination of the 3?

2. During DNA replication, which types of bonds are formed when new DNA is created—
ionic, covalent, hydrogen, or some combination of the 3?

3.3 Advanced Exercise

3. In their seminal paper on DNA structure, Watson and Crick (1953b) suggested that DNA
replication was semiconservative. However, not everyone agreed (Holmes, 1998). For ex-
ample, Max Delbrück argued that nucleic acid strands in DNA are so tightly wound
around each other that the denaturation required by semiconservative replication seemed
unlikely. Instead, Delbrück and others hypothesized that DNA replication was conser-
vative, meaning that new DNA strands were somehow created from the original DNA
without altering it.

The definitive experiment testing Watson and Crick’s hypothesis against Delbrück’s was
performed by Meselson and Stahl (1958), as summarized in Figure 1.16 of the textbook.
If Delbrück’s conservative replication hypothesis had been correct, what would Meselson
and Stahl have observed in their results?
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