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Thinking questions 

1. DNA isolated from the bacterial virus M13 contains 25% A, 33% T, 22% C, 
and 20% G. Do these results strike you as peculiar? Why or why not? How 
might you explain these values?  

M13 virus contains single-stranded DNA as a genome. 

2. A segment of DNA is shown in the figure below. What is the polarity (5’-3’ or 
the opposite) of this DNA from top to bottom? 

  

The above part is 5’ and bottom is 3’ (check the sugar ring). 

3. Human DNA contains 20% C on a molar basis. What are the mole percents 
of A, G, and T?  

Then G is 20%, A and T are each 30%.  

4. What is a “gene.”  

There are multiple definitions but the bottomline is the following: A gene is a 
DNA sequence localized on the genome that leads to the expression of 
proteins or a final RNA product.  

5. Histone proteins are among the most highly conserved proteins in 
eukaryotes. Histone H4 proteins from a pea and a cow, for example, differ in 
only 2 out of 102 amino acids. However, comparison of the two gene 
sequences shows many more differences. These observations indicate that 
mutations that change amino acids must be selected against. Why do you 
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two inversions

Problems p4.06/4.05/Q4.2

Figure Q4–2 Chromosome 
3 in orangutans and humans 
(Problem 4–9). Differently colored 
blocks indicate segments of the 
chromosomes that are homologous 
in DNA sequence.

CHAPTER 4 END-OF-CHAPTER PROBLEMS

Figure Q4–1 Three nucleotides from the interior 
of a single strand of DNA (Problem 4–7). Arrows 
at the ends of the DNA strand indicate that the 
structure continues in both directions.

4–7 A segment of DNA from the 
interior of a single strand is shown in 
Figure Q4–1. What is the polarity of this 
DNA from top to bottom?

4–8 Human DNA contains 20% C 
on a molar basis. What are the mole 
percents of A, G, and T?

4–9 Chromosome 3 in orangutans 
di!ers from chromosome 3 in humans 
by two inversion events that occurred 
in the human lineage (Figure Q4–2). 
Draw the intermediate chromosome 
that resulted from the "rst inversion 
and explicitly indicate the segments 
included in each inversion.

4–10 Assuming that the 30-nm chromatin "ber con-
tains about 20 nucleosomes (200 bp/nucleosome) per 50 
nm of length, calculate the degree of compaction of DNA 
associated with this level of chromatin structure. What 
fraction of the 10,000-fold condensation that occurs at 
mitosis does this level of DNA packing represent?

4–11 In contrast to histone acetylation, which always 
correlates with gene activation, histone methylation can 
lead to either transcriptional activation or repression. How 
do you suppose that the same modi"cation—methyla-
tion—can mediate di!erent biological outcomes?

4–12 Why is a chromosome with two centromeres (a 
dicentric chromosome) unstable? Would a backup cen-
tromere not be a good thing for a chromosome, giving it 
two chances to form a kinetochore and attach to microtu-
bules during mitosis? Would that not help to ensure that 
the chromosome did not get left behind at mitosis? 

4–13 Look at the two yeast colonies in Figure Q4–3. Each 
of these colonies contains about 100,000 cells descended 
from a single yeast cell, originally somewhere in the mid-
dle of the clump. A white colony arises when the Ade2 gene 
is expressed from its normal chromosomal location. When 
the Ade2 gene is moved to a location near a telomere, it 
is packed into heterochromatin and inactivated in most 
cells, giving rise to colonies that are mostly red. In these 
largely red colonies, white sectors fan out from the middle 
of the colony. In both the red and white sectors, the Ade2 

gene is still located near telomeres. Explain why white sec-
tors have formed near the rim of the red colony. Based on 
the patterns observed, what can you conclude about the 
propagation of the transcriptional state of the Ade2 gene 
from mother to daughter cells in this experiment?

4–14 Mobile pieces of DNA—transposable elements—
that insert themselves into chromosomes and accumulate 
during evolution make up more than 40% of the human 
genome. Transposable elements of four types—long inter-
spersed nuclear elements (LINEs), short interspersed 
nuclear elements (SINEs), long terminal repeat (LTR) 
retrotransposons, and DNA transposons—are inserted 
more-or-less randomly throughout the human genome. 
#ese elements are conspicuously rare at the four homeo-
box gene clusters, HoxA, HoxB, HoxC, and HoxD, as illus-
trated for HoxD in Figure Q4–4, along with an equivalent 
region of chromosome 22, which lacks a Hox cluster. Each 
Hox cluster is about 100 kb in length and contains 9 to 11 
genes, whose di!erential expression along the anteropos-
terior axis of the developing embryo establishes the basic 
body plan for humans (and for other animals). Why do you 
suppose that transposable elements are so rare in the Hox 
clusters?

Problems p4.18/4.13

white colony of
yeast cells

red colony of
yeast cells

with white sectors

telomere telomere

Ade2 gene at normal location

Ade2 gene moved near telomere

Figure Q4–3 Position effect on expression of the yeast Ade2 gene 
(Problem 4–13). The Ade2 gene codes for one of the enzymes of 
adenosine biosynthesis, and the absence of the Ade2 gene product 
leads to the accumulation of a red pigment. Therefore a colony of cells 
that express Ade2 is white, and one composed of cells in which the 
Ade2 gene is not expressed is red.
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Problems p4.03/4.03/Q4.1

A

C

T

Figure Q4–4 Transposable elements and genes in 1-Mb regions of 
chromosomes 2 and 22 (Problem 4–14). Blue lines that project upward 
indicate exons of known genes. Red lines that project downward 
indicate transposable elements; they are so numerous (constituting more 
than 40% of the human genome) that they merge into nearly a solid 
block outside the Hox clusters. (Adapted from E. Lander et al., Nature 
409:860–921, 2001. With permission from Macmillan Publishers Ltd.)

100 kb HoxD cluster

chromosome 2

chromosome 22

Problems p4.31/4.22/Q4.4
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suppose that most amino acid-altering mutations in histone genes are 
deleterious?  

Histones are highly conserved as they have the same role in all cells and the 
DNA they bind to is the same.  

Link each term to its definition (not all terms have a definition) 
 
cell cycle – centromere- chromatin- chromosome- exon- intron – karyotype- 
nucleosome- replication- origin- telomere – histone- histone H1- homologous 
chromosome 
 

• Full set of chromosomes of a cell arranged with respect to size, shape, and 
number. (Karyotype) 

• Constricted region of a mitotic chromosome that holds sister chromatids 
together. (Centromere) 

• Any one of a group of small abundant proteins, rich in arginine and lysine, 
that form the primary level of chromatin organization. (Histone) 

• Structure composed of a very long DNA molecule and associated proteins 
that carries part (or all) of the hereditary information of an organism. 
(Chromosome) 

• The orderly sequence of events by which a cell duplicates its contents and 
divides into two. (Cell cycle) 

• Complex of DNA, histones, and non-histone proteins found in the nucleus of 
a eukaryotic cell. (Chromatin) 

• One of the two copies of a particular chromosome in a diploid cell, each 
copy being derived from a diferent parent. (Homologous chromosome) 

• Beadlike structure in eukaryotic chromatin, composed of a short length of 
DNA wrapped around a core of histone proteins. (Nucleosome) 

 
 
Multiple choice questions 
 

1) You want to detect a specific histone modification across the genome and 
identify all the sequences of DNA that are bound to the modified histones. 
Which method will you use? 
 

a) FISH? 
b) ChiP? 
c) building a karyotype 
d) None of the above 

 
The correct answer is B. Chromatin-immune precipitation allows to determine 
histone modifications and their location in the genome.  
 
 

2) Chromosome occupy specific territories in the nucleus. How can this be 
visualized? 
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a) FISH? 
b) ChiP? 
c) building a karyotype 
d) None of the above 

 
The correct answer is A. Fluorescent In Situ Hybridization detects specific 
regions of DNA in the nucleus.  
 

3) Viruses  
a) Have a high number of genes 
b) Have long intergenic regions 
c) Have 1.5% of their DNA encoding proteins 
d) Have most of their DNA encoding proteins? 

 
The correct answer is D. Viruses have a short genome with most parts 
involved in protein coding.  
 

4) By comparing genomes, scientist can identify 
a) Epigenetic marks 
b) Histone modifications 
c) Functional DNA sequences 
d) Heterochromatin 

 
The correct answer is C. 
 

5) When a SNP is non-synomymous, it means that 
a) Two nucleotides are modified at a given position in the genome 
b) This given mutation is associated with a disease 
c) The SNP is located in a non-coding DNA region 
d) The SNP is located in a coding region and leads to a change of 

amino acid 
 
The correct answer is D. 
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6) An abnormal human karyotype is shown below. This particular karyotype is 
found in the cancer cells of more than 90% of patients with chronic 
myelogenous leukemia. Arrows indicate two abnormal chromosomes. What 
statements are correct? 

 
a) This patient is a male 
b) This patient is a female 
c) This patient had a deletion of a fragment of chromosome 12 
d) This patient had a balanced translocation between chromosome 9 

and 22 
e) This patient had an unbalanced translocation between 

chromosome 9 and 22 
 
The correct answer is B and D. 
 
TRUE or FALSE 
 
1) Two homologous genes have always redundant functions in the genome.  
 

TRUE or FALSE  
 
Homologous are genes with similar functions derived from a common 
ancestor.  
 
2) Is the genome defined as the totality of the genetic information carried in the DNA 
of a cell or an organism?  
 

TRUE or FALSE  
 
The genome is composed by coding, non-coding sequence, and repetitive 
elements and these represent the entire genetic information contained in a 
cell.  
 
3) Human cells contain a long DNA molecule in which only 1.5% encodes for 
proteins.  
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Do your results distinguish among the three possible mechanisms for 
SWI/SNF action—nucleosome sliding, release, or transfer? Explain how 
your results argue for or against each of these mechanisms.

MEDICAL LINKS

4–46 An abnormal human karyotype is shown in Figure 4–11. !is particular 
karyotype is found in the cancer cells of more than 90% of patients with 
chronic myelogenous leukemia. Arrows indicate two abnormal chromo-
somes. Describe the event that led to this abnormal karyotype. Is this 
patient male or female?

CHROMATIN STRUCTURE AND FUNCTION
TERMS TO LEARN

epigenetic inheritance heterochromatin 
euchromatin position effect variegation

DEFINITIONS
Match each de"nition below with its term from the list above.

4–47 Less condensed region of an interphase chromosome that stains dif-
fusely.

4–48 Form of transmission of information from cell to cell, or from parent to 
progeny, that is not encoded in DNA.

4–49 Di#erence in gene expression that depends on the location of the gene 
on the chromosome.

CHROMATIN STRUCTURE AND FUNCTION
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(B) Figure 4–10 The action of the SWI/SNF 
complex on a nucleosome (Problem 
4–45). (A) Nucleosome-containing 
substrate tethered to a magnetic bead. 
Sites of cleavage by the restriction 
enzymes NheI and EcoRI are indicated. 
(B) Results of incubation with the SWI/
SNF complex before (NheI 2nd) or after 
(NheI 1st) cleavage with NheI. In the 
absence of cleavage (lane 1), the labeled 
substrate does not enter the gel.

2 3 4 5

1211109876

13 14 15 16 17 18

19 20 21 22 X

1

Figure 4–11 Two karyotypes illustrating the typical alteration seen in chronic myelogenous leukemia (Problem 4–46). 
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TRUE or FALSE  
 
The human genome consists of chromosomes and not a single molecule. 
 
4) SNP are long blocks of DNA sequence that differs in the number of times they are 
present in the genomes of different individuals in a population.  
 
TRUE or FALSE  
 
SNPs correspond to single nucleotide variation  
 
5) Gene duplication and divergence is thought to have played a critical role in the 
evolution of increased biological complexity  
 
TRUE or FALSE  
 
Duplication of chromosomal segments, which may include one or more genes, 
allows one of the two genes to diverge over time to acquire different, but 
related functions. The process of gene duplication and divergence is thought 
to have played a major role in the evolution of biological complexity.  
 
6) In a comparison between the DNAs of related organisms such as humans and 
mice, identifying the conserved DNA sequences facilitates the search for 
functionally important regions.  
 
TRUE or FALSE  
 
 


