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Answers:
Chapter 14:

C1.
A constitutive gene is unregulated, which means that its expression level is relatively constant. The expression of a regulated gene varies under different conditions. In bacteria, the regulation of genes oftentimes occurs at the level of transcription by combinations of regulatory proteins and small effector molecules. In addition, gene expression can be regulated at the level of translation or the function of a protein can be regulated after translation is completed.


C2.
In bacteria, gene regulation greatly enhances the efficiency of cell growth. It takes a lot of energy to transcribe and translate genes. Therefore, a cell is much more efficient and better at competing in its environment if it expresses genes only when the gene product is needed. For example, a bacterium will express only the genes that are necessary for lactose metabolism when a bacterium is exposed to lactose. When the environment is missing lactose, these genes are turned off. Similarly, when tryptophan levels are high within the cytoplasm, the genes that are required for tryptophan biosynthesis are repressed.


C3.
In this case, an activator protein and inhibitor molecule are involved. The binding of the inhibitor molecule to the activator protein would prevent it from binding to the DNA and thereby inhibit its ability to activate transcription.


C4.
A.
Regulatory protein


B.
Effector molecule


C.
DNA segment


D.
Effector molecule


E.
Regulatory protein


F.
DNA segment


G.
Effector molecule


C5.
Choices B and C are correct. In both of these cases, the presence of the small effector molecule will turn off transcription. In contrast, the presence of an inducer turns on transcription.


C6.
A cis-mutation is within a genetic regulatory sequence, such as an operator site, that affects the binding of a genetic regulatory protein. A cis-mutation affects only the adjacent genes that the genetic regulatory sequence controls. A trans-mutation is usually in a gene that encodes a genetic regulatory protein. A trans-mutation can be complemented in a merozygote experiment by the introduction of a normal gene that encodes the regulatory protein.

C8.
A.
No transcription would take place. The lac operon could not be expressed.


B.
No regulation would take place. The operon would be continuously turned on.


C.
The rest of the operon would function normally but none of the transacetylase would be made.


C9.
It would be impossible to turn the lac operon on even in the presence of lactose because the repressor protein would remain bound to the operator site.


C10.
Diauxic growth refers to the phenomenon whereby a cell first uses up one type of sugar (e.g., glucose) before it begins to metabolize a second sugar (e.g., lactose). In this case, it is caused by gene regulation. When a bacterial cell is exposed to both sugars, the uptake of glucose causes the cAMP levels in the cell to fall. When this occurs, the catabolite activator protein is removed from the lac operon so that it is not able to be (maximally) activated.


C11.
A.
Cis-effect. It would affect only the genes that are in the adjacent operon.


B.
Trans-effect. This is a mutation that affects a protein that can move throughout the cell.


C.
Trans-effect. This is a mutation that affects a protein that can move throughout the cell.


D.
Cis-effect. It would affect only the genes that are in the adjacent operon.


C12.
A mutation that prevented the lac repressor from binding to the operator would make the lac operon constitutive only in the absence of glucose. However, this mutation would not be entirely constitutive because transcription would be inhibited in the presence of glucose. The disadvantage of constitutive expression of the lac operon is that the bacterial cell would waste a lot of energy transcribing the genes and translating the mRNA when lactose was not present.

C15.
Attenuation means that transcription is ended before it has reached the end of an operon. Since it causes an end to transcription, it is a form of transcriptional regulation even though the translation of the trpL region plays a key role in the attenuation mechanism.


C16.
A.
Attenuation will not occur because loop 2–3 will form.


B.
Attenuation will occur because 2–3 cannot form, so 3–4 will form.


C.
Attenuation will not occur because 3–4 cannot form.


D.
Attenuation will not occur because 3–4 cannot form.


C17.
A defective tryptophanyl-tRNA synthetase would make attenuation less likely. This is because the bacterial cell would have a lower amount of charged tRNAtrp. Therefore, it would be more likely for the ribosome to stall at the tryptophan codons found within the trpL gene, even if the concentration of tryptophan amino acids in the cell was high. When the ribosome stalls at these tryptophan codons, this prevents attenuation.


C18.
The addition of Gs and Cs into the U-rich sequence would prevent attenuation. The U-rich sequence promotes the dissociation of the mRNA from the DNA, when the terminator stem-loop forms. This causes RNA polymerase to dissociate from the DNA and thereby causes transcriptional termination. The UGGUUGUC sequence would probably not dissociate because of the Gs and Cs. Remember that GC base pairs have three hydrogen bonds and are more stable than AU base pairs, which only have two hydrogen bonds.

C20.
It takes a lot of cellular energy to translate mRNA into a protein. A cell wastes less energy if it prevents the initiation of translation rather than a later stage such as elongation or termination.


C21.
Antisense RNA is RNA that is complementary to a functional RNA such as mRNA. The binding of antisense RNA to mRNA inhibits translation.

C23.
lac operon: The binding of allolactose causes a conformational change in the repressor protein and removes it from the operator site.

ara operon: The binding of arabinose to AraC breaks the looping interaction and leads to the activation of the ara operon.

trp operon: The binding of tryptophan to the trp repressor causes it to bind to the operator site and inhibits transcription.


C24.
The two proteins are similar in that both bind to a segment of DNA and repress transcription. They are different in three ways. (1) They recognize different effector molecules (i.e., the lac repressor recognizes allolactose and the trp repressor recognizes tryptophan. (2) Allolactose causes the lac repressor to release from the operator, while tryptophan causes the trp repressor to bind to its operator. (3) The sequences of the operator sites that these two proteins recognize are different from each other. Otherwise, the lac repressor could bind to the trp operator and the trp repressor could bind to the lac operator.


C25.
A.
Antisense RNA or a translational repressor would shut down protein synthesis the fastest. A transcriptional repressor would also shut down the synthesis of mRNA, so it would eventually shut down protein synthesis once all of the preexisting mRNA had been degraded. Feedback inhibition would have no effect on protein synthesis.


B.
Only a transcriptional repressor protein would shut down the synthesis of mRNA.


C.
Feedback inhibition is the fastest way to shut down the function of a protein. Antisense RNA and transcriptional repressors eventually prevent protein function once all of the preexisting mRNA and protein have been degraded.

Chapter 15:
S1.
Describe how the tight packing of chromatin in a closed conformation may prevent gene transcription.

Answer: There are several possible ways that the tight packing of chromatin physically inhibits transcription. First, it may prevent transcription factors and/or RNA polymerase from binding to the major groove of the DNA. Second, it may prevent RNA polymerase from forming an open complex, which is necessary to begin transcription. Third, it could prevent looping in the DNA, which may be necessary to activate transcription.

C1.
The common points of control are as follows:

1.

DNA-chromatin structure. This includes gene amplification—increase in copy number; gene rearrangement—as in immunoglobulin genes; DNA methylation—attachment of methyl groups, which inhibits transcription; locus control regions—sites that control chromatin conformation.

2.

Transcription. This includes transcription factors/response elements—interactions that can activate or inhibit transcription.

3.

RNA level. This includes RNA processing—regulation of splicing via SR proteins; RNA stability—regulation of RNA half-life; RNA translation—regulation of the ability of RNAs to be translated.

4.

Protein level. This includes feedback inhibition—small molecules that modulate enzyme activity; posttranslational modification—covalent changes to protein structure that affect protein activity.


C2.
Response elements are relatively short genetic sequences that are recognized by regulatory transcription factors. After the regulatory transcription factor(s) has bound to the response element, it will affect the rate of transcription, either activating it or repressing it, depending on the action of the regulatory protein. Response elements are typically located in the upstream region near the promoter, but they can be located almost anywhere (i.e., upstream and downstream) and even quite far from the promoter.

C5.
A. True.


B.
False.


C.
True.


D.
False, it causes up regulation.

C18.
The 30 nm fiber is the predominant form of chromatin during interphase. The chromatin must be converted from a closed conformation to an open conformation for transcription to take place. This “opening” process involves less packing of the chromatin and may involve changes in the locations of histone proteins. Transcriptional activators recruit histone acetyltransferase and ATP-dependent remodeling enzymes to the region, which leads to a conversion to the open conformation.

C23.
DNA methylation is the attachment of a methyl group to a base within the DNA. In many eukaryotic species, this occurs on cytosine at a CG sequence. After de novo methylation has occurred, it is passed from mother to daughter cell via a maintenance methylase. Since DNA replication is semiconservative, the newly made DNA contains one strand that is methylated and one that is not. The maintenance methylase recognizes this hemimethylated DNA and methylates the cytosine in the unmethylated DNA strand.

C25.
A CpG island is a stretch of 1,000 to 2,000 bp in length that contains several CG sequences. CpG islands are often located near promoters. When the island is methylated, this inhibits transcription. This inhibition may be the result of the inability of the transcriptional activators to recognize the methylated promoter and/or the effects of methyl-CpG-binding proteins, which may promote a closed chromatin conformation.

Chapter 16:

C1.
A.
G→A, which is a transition.


B.
T→G, which is a transversion.


C.
A single-nucleotide deletion.


D.
C→G, which is a transversion.


C2.
A gene mutation is a relatively small mutation that is localized to a particular gene. A chromosome mutation is a large enough change in the genetic material so that it can be seen with the light microscope. This would affect several genes. Genome mutations are changes in chromosome number.


C3.
It is a gene mutation, a point mutation, a base substitution, a transition mutation, a forward mutation, a deleterious mutation, a mutant allele, a nonsense mutation, a conditional mutation, and a temperature-sensitive lethal mutation.


C4.
A suppressor mutation suppresses the phenotypic effects of some other mutation. Intragenic suppressors are within the same gene as the first mutation. Intergenic suppressors are in some other gene.


C5.
A.
It would probably inhibit protein function, particularly if it was not near the end of the coding sequence.


B.
It may or may not affect protein function depending on the nature of the amino acid substitution and whether the substitution is in a critical region of the protein.


C.
It would increase the amount of functional protein.


D.
It may affect protein function if the alteration in splicing changes an exon in the mRNA that results in a protein with a perturbed structure.


C6.
The X rays did not produce a mutation because a mutation is a heritable change in the genetic material. In this case, the X rays have killed the cell, so changes in DNA structure cannot be passed from cell to cell or from parent to offspring.


C7.
A.
Not appropriate, because the second mutation is at a different codon.


B.
Appropriate.


C.
Not appropriate, because the second mutation is in the same gene as the first mutation.


D.
Appropriate.

C9.
A.
Silent, because the same amino acid (glycine) is encoded by GGA and GGT.


B.
Missense, because a different amino acid is encoded by CGA compared to GGA.


C.
Missense, because a different amino acid is encoded by GTT compared to GAT.


D.
Frameshift, because an extra base is inserted into the sequence.

C12.
Random mutations are more likely to be harmful. The genes within each species have evolved to work properly. They have functional promoters, coding sequences, terminators, etc., that allow the genes to be expressed. Mutations are more likely to disrupt these sequences. For example, mutations within the coding sequence may produce early stop codons, frameshift mutations, and missense mutations that result in a nonfunctional polypeptide. On rare occasions, however, mutations are beneficial; they may produce a gene that is expressed better than the original gene or produce a polypeptide that functions better. As discussed in Chapter 25, beneficial mutations may be acted upon by natural selection over the course of many generations and eventually become the prevalent allele in the population.

C17.
A thymine dimer can interfere with DNA replication because DNA polymerase cannot slide past the dimer and add bases to the newly growing strand. Alkylating mutagens such as nitrous acid will cause DNA replication to make mistakes in the base pairing. For example, an alkylated cytosine will base pair with adenine during DNA replication, thereby creating a mutation in the newly made strand. A third example is bromouracil, which is a thymine analogue. It may pair with guanine during DNA replication.

C20.
A spontaneous mutation originates within a living cell. It may be due to spontaneous changes in nucleotide structure, errors in DNA replication, or products of normal metabolism that may alter the structure of DNA. The causes of induced mutations originate from outside the cell. They may be physical agents, such as UV light or X rays, or chemicals that act as mutagens. Both spontaneous and induced mutations may cause a harmful phenotype such as a cancer. In many cases, induced mutations are avoidable if the individual can prevent exposure to the environmental agent that acts as a mutagen.


C21.
Spontaneous mutations are random events in the sense that there is no outside force that is directing the mutation to a particular gene or a particular site within a gene. However, the structure of chromatin may cause certain regions of the DNA to be more susceptible to random mutations. For example, DNA in an open conformation may be more accessible to mutagens and more likely to incur mutations. Likewise, hot spots for mutation can occur within a single gene.

Chapter 8:  Variation in Chromosome Structure & Number

:C17, C18, C20, C24, C25, C30, C31, C32, C40, 

C17.
A.
16


B.
9


C.
7


D.
12


E.
17

C18.
This person has a total of 46 chromosomes. However, this person would be considered aneuploid rather than euploid. This is because one of the sets is missing a sex chromosome and one set has an extra copy of chromosome 21.

C20.
It may be related to genetic balance. In aneuploidy, there is an imbalance in gene expression between the chromosomes found in their normal copy number versus those that are either too many or too few. In polyploidy, the balance in gene expression is still maintained.
C24.
Trisomies 13, 18, and 21 survive because the chromosomes are small and probably contain fewer genes compared to the larger chromosomes. Individuals with abnormal numbers of X chromosomes can survive because the extra copies are converted to transcriptionally inactive Barr bodies. The other aneuploidies are lethal because they cause a great amount of imbalance between the level of gene expression on the normal diploid chromosomes relative to the chromosomes that are trisomic or monosomic.

C25.
Maybe one is diploid and the other is a closely related tetraploid species. Their offspring would be triploid, which would explain the sterility. Another possibility is that one may carry a large inversion (see answer to conceptual question C23, part B).


C30.
The turtles are two distinct species that appear phenotypically identical. The turtles with 48 chromosomes are polyploid relatives (i.e., tetraploids) of the species with 24 chromosomes. In animals, it is somewhat hard to imagine how this could occur because animals cannot self-fertilize, so there had to be two animals (i.e., one male and one female) that became tetraploids. It is easy to imagine how one animal could become a tetraploid; complete nondisjunction could occur during the first cell division of a fertilized egg, thereby creating a tetraploid cell that continued to develop into a tetraploid animal. This would have to happen independently (i.e., in two individuals of opposite sex) to create a tetraploid species. If you mated a tetraploid turtle with a diploid turtle, the offspring would be triploid and probably phenotypically normal. However, the triploid offspring would be sterile because they would make highly aneuploid gametes.


C31.
Aneuploid should not be used.


C32.
Polyploid, triploid, and euploid should not be used.

C40.
Homeologous chromosomes are chromosomes from two species that are evolutionarily related to each other. For example, chromosome 1 in chimpanzees and gorillas is homeologous; it carries the same types of genes.


