

Chapter 22 Test Bank
Question Type: Multiple Choice

1) Which of the following organisms are considered to be premier model organisms for the genetic analysis of animal development?
a) Drosophila
b) C. elegans
c) Chicken
d) Drosophila and C. elegans
e) All of these are correct.
Answer: e
Section: 22.1 A Genetic Perspective on Development
Difficulty: Easy

2) Why were frogs and sea urchins typically used to study development in classical anatomy and embryology?
1. The eggs developed outside of the mother.
2. The eggs were easily manipulated.
3. The animals were easy to breed.
a) 1
b) 2
c) 3
d) 1 and 2
e) All of these are correct.
Answer: d
Section: 22.1 A Genetic Perspective on Development
Difficulty: Easy

3) Which of the following methods can be used to identify genes that are involved in important developmental events?
a) Collect mutations and test for allelism
b) RT-PCR
c) Fluorescent labeling
d) RNA and protein blotting
e) All of these are correct.
Answer: e
Section: 22.1 A Genetic Perspective on Development
Difficulty: Easy








4) During Drosophila development, each egg is surrounded by a tough shell-like structure that is made of materials synthesized by somatic cells in the ovary. This structure is called the
a) micropyle.
b) chorion.
c) syncytium.
d) cellular blastoderm.
e) imaginal disc.
Answer: b
Section: 22.1 A Genetic Perspective on Development
Difficulty: Easy

5) The term "syncytium" refers to which of the following stages of Drosophila development?
a) A single layer of cells on the embryo's surface
b) A worm-like structure that hatches by chewing through the egg shell
c) A single cell with many identical nuclei
d) An immobile structure with a hard skin
e) An adult insect
Answer: c
Section: 22.1 A Genetic Perspective on Development
Difficulty: Easy

6) In Drosophila, a single layer of cells on the embryo's surface which will give rise to all somatic tissues in the organism is known as
a) micropyle.
b) chorion.
c) syncytium.
d) cellular blastoderm.
e) imaginal disc.
Answer: d
Section: 22.1 A Genetic Perspective on Development
Difficulty: Easy

7) Which of the following types of cells gives rise to germ line cells in Drosophila?
a) Pole cells
b) Cellular blastoderm cells
c) Chorion cells
d) Micropyle cells
e) Imaginal discs
Answer: a
Section: 22.1 A Genetic Perspective on Development
Difficulty: Easy





8) Structures in adult Drosophila develop from packets of cells called
a) Pole cells
b) Cellular blastoderm cells
c) Chorion cells
d) Micropyle cells
e) Imaginal discs
Answer: e
Section: 22.1 A Genetic Perspective on Development
Difficulty: Easy

9) Which of the following can be used to study developmental pathways?
1. Identifying genes whose products are involved in the differentiation of specific phenotypes
2. Identifying genes whose products are involved in the dedifferentiation of genotypes
3. Identifying proteins whose products are not involved in the differentiation of specific phenotypes
a) 1
b) 2
c) 3
d) 1 and 3
e) All of these are correct.
Answer: a
Section: 22.1 A Genetic Perspective on Development
Difficulty: Easy

10) Which of the following is a gene product that can participate in a developmental pathway?
a) Signal molecules
b) Signal receptors
c) Signal transducers
d) Transcription factors
e) All of these are correct.
Answer: e
Section: 22.1 A Genetic Perspective on Development
Difficulty: Easy

11) Mutations in genes that contribute to the formation of healthy eggs may have no effect on the viability or appearance of the female making those eggs.  These are known as
a) maternal effect mutations.
b) paternal effect mutations.
c) maternal gene mutations.
d) maternal offspring mutations.
e) embryo mutations.
Answer: a
Section: 22.2 Maternal Gene Activity in Development
Difficulty: Easy


12) Which of the following is true of a dorsal gene mutation?
a) The embryo develops as if it has two ventral surfaces.
b) The mutation can be rescued if the wild-type dorsal allele inherited from the father.
c) Expression is limited to the maternal germ cells.
d) All of the above
e) None of the above
Answer: c
Section: 22.2 Maternal Gene Activity in Development
Difficulty: Medium

13) Which of the following genes is a maternal-effect gene in Drosophila?
a) Dorsal
b) Bicoid
c) Nanos
d) All of these are correct.
e) None of these are correct.
Answer: d
Section: 22.2 Maternal Gene Activity in Development
Difficulty: Easy

14) Maternal-effect gene products are involved in:
1. Dorsal-ventral axes determination in Drosophila
2. Anterior-posterior axes determination in Drosophila
3. Dorsal-ventral axes determination in C. elegans
a) 1
b) 2
c) 3
d) 1 and 2
e) 2 and 3
Answer: d
Section: 22.2 Maternal Gene Activity in Development
Difficulty: Easy

15) Recessive mutations in maternal-effect genes are expressed only in embryos produced by
a) females homozygous for the mutation.
b) females heterozygous for the mutation.
c) males homozygous for the mutation.
d) males heterozygous for the mutation.
e) None of these are correct.
Answer: a
Section: 22.2 Maternal Gene Activity in Development
Difficulty: Easy




16) The genes twist and snail are induced by 
a) repression of zerknüllt and decapentaplegic.
b) expression of zerknüllt and decapentaplegic.
c) expression of the transcription factor, dorsal.
d) expression of the protein, Toll, on the embryo surface
e) None of the above
Answer: c
Section: 22.2 Maternal Gene Activity in Development
Difficulty: Medium

17) Where is the spätzle protein cleaved?
a) In the perivitelline space on the dorsal side of the embryo.
b) In the perivitelline space on the ventral side of the embryo.
c) In the plasma membrane on the dorsal side of the embryo.
d) In the plasma membrane on the ventral side of the embryo.
e) In the nucleus of all cells in the embryo.
Answer: b
Section: 22.2 Maternal Gene Activity in Development
Difficulty: Medium

18) Which gene(s) are expressed in the cells that develop into the mesoderm?
a) zerknüllt and decapentaplegic.
b) snail and twist
c) dorsal
d) Both a and c
e) Both b and c
Answer: e
Section: 22.2 Maternal Gene Activity in Development
Difficulty: Medium

19) Which gene(s) are expressed in the cells that develop into the epidermis?
a) zerknüllt and decapentaplegic.
b) snail and twist
c) dorsal
d) Both a and c
e) Both b and c
Answer: a
Section: 22.2 Maternal Gene Activity in Development
Difficulty: Medium







20) The _________ transcription factors controls the formation of the anterior-posterior axis?
a) hunchback and toll
b) caudal and decapentaplegic
c) dorsal and hunchback
d) caudal and dorsal
e) caudal and hunchback
Section: 22.2 Maternal Gene Activity in Development
Difficulty: Easy

21) Translation of the ________ RNA is limited to the anterior part of the embryo.
a) caudal
b) hunchback
c) bicoid
d) nanos
e) all of the above
Answer: b
Section: 22.2 Maternal Gene Activity in Development
Difficulty: Easy

22) Translation of the ________ RNA is limited to the posterior part of the embryo.
a) caudal
b) hunchback
c) bicoid
d) nanos
e) all of the above
Answer: a
Section: 22.2 Maternal Gene Activity in Development
Difficulty: Easy

23) Which RNA is synthesized in the nurse cells, and then transported into the oocyte to become anchored into the posterior end of the embryo?
a) caudal
b) hunchback
c) bicoid
d) nanos
e) all of the above
Answer: d
Section: 22.2 Maternal Gene Activity in Development
Difficulty: Easy






24) Which RNA is synthesized in the nurse cells, and then transported into the oocyte to become anchored into the anterior end of the embryo?
a) caudal
b) hunchback
c) bicoid
d) nanos
e) all of the above
Answer: c
Section: 22.2 Maternal Gene Activity in Development
Difficulty: Easy

25) Which transcription factor stimulates expression of the hunchback gene?
a) caudal
b) dorsal
c) bicoid
d) nanos
e) none of the above
Answer: c
Section: 22.2 Maternal Gene Activity in Development
Difficulty: Easy

26) Which protein would you expect to find bound to the 3′ UTR of the caudal RNA in the anterior of the embryo?
a) caudal
b) hunchback
c) bicoid
d) nanos
e) none of the above
Answer: c
Section: 22.2 Maternal Gene Activity in Development
Difficulty: Medium

27) Which protein would you expect to find bound to the 3′ UTR of the caudal RNA in the posterior of the embryo?
a) caudal
b) hunchback
c) bicoid
d) nanos
e) none of the above
Answer: e
Section: 22.2 Maternal Gene Activity in Development
Difficulty: Medium



28) Which protein would you expect to find bound to the 3′ UTR of the hunchback RNA in the posterior of the embryo?
a) caudal
b) hunchback
c) bicoid
d) nanos
e) none of the above
Answer: d
Section: 22.2 Maternal Gene Activity in Development
Difficulty: Medium

29) Which of the following statements best characterizes a homeotic gene?
a) They define segmental regions in the embryo.
b) They define the anterior and posterior compartments of individual segments.
c) Mutations in these genes cause one body part to look like another.
d) They are responsible for sex determination.
e) They are involved in gene dosage compensation.
Answer: c
Section: 22.3 Zygotic Gene Activity in Development
Difficulty: Easy

30) Which of the following is another name for selector genes?
a) Homeotic genes
b) Segmentation genes
c) Gap genes
d) Pair-rule genes
e) Segment-polarity genes
Answer: a
Section: 22.3 Zygotic Gene Activity in Development
Difficulty: Easy

31) A mutation that causes one body part to look like another is known as a(n)
a) automutation.
b) homeotic mutation.
c) heteromic mutation.
d) xenotic mutation.
e) bithorax mutation.
Answer: b
Section: 22.3 Zygotic Gene Activity in Development
Difficulty: Easy






32) Which of the following is a large cluster of homeotic genes?
1. Bithorax complex
2. Antennapedia complex
3. Fermurtibia complex
a) 1
b) 2
c) 3
d) 1 and 2
e) 2 and 3
Answer: d
Section: 22.3 Zygotic Gene Activity in Development
Difficulty: Easy

33) Which of the following is a segmentation gene discovered along the anterior-posterior axis?
a) Gap genes
b) Pair-rule genes
c) Segment polarity genes
d) Gap genes and Pair-rule genes
e) All of these are correct.
Answer: e
Section: 22.3 Zygotic Gene Activity in Development
Difficulty: Easy

34) Which of the following mutations were used to study the genetic control of anatomically correct organ formation?
a) Eyeless
b) Wingless
c) Hunchback
d) Nanos
e) Bithorax
Answer: a
Section: 22.3 Zygotic Gene Activity in Development
Difficulty: Easy

35) The process of determining the fate of an undifferentiated cell using a signal from a differentiated cell is known as
a) deduction.
b) induction.
c) repression.
d) inhibition.
e) None of these are correct.
Answer: b
Section: 22.3 Zygotic Gene Activity in Development
Difficulty: Easy


36) The identity of each body segment in Drosophila is determined by the products of genes in which of the following complexes?
a) Bithorax
b) Antennapedia
c) Femurtibia
d) Bithorax and antennapedia
e) Antennapedia and femurtibia
Answer: d
Section: 22.3 Zygotic Gene Activity in Development
Difficulty: Easy

37) In Drosophila, the eyeless gene controls eye development. What is the vertebrate equivalent?
a) boss
b) Pax6
c) fushi tarazu
d) engrailed
e) sev
Answer: b
Section: 22.3 Zygotic Gene Activity in Development
Difficulty: Easy

38) Geneticists can study development in vertebrates by
1. Applying knowledge gained from the study of model invertebrates
2. Analyzing mutations and phenocopies of mutant genes in model vertebrates such as mice and zebrafish
3. Examining the differentiation of stem cells
a) 1
b) 2
c) 3
d) 1 and 2
e) All of these are correct.
Answer: e
Section: 22.4 Genetic Analysis of Development in Vertebrates
Difficulty: Medium

39) How is a chimeric mouse characterized? 
a) A combination of XX and XY cells
b) An intersex phenotype
c) A mouse with abnormal body morphology as a result of gene mutations
d) A mouse with a homozygous recessive mutation in a gene
e) A mouse with a mixture of its own and cultured ES cells
Answer: e
Section: 22.4 Genetic Analysis of Development in Vertebrates
Difficulty: Easy


40) Which of the following is an example of colinearity?
a) Replacement of a normal allele by a mutated transgene
b) Migration of cells during embryogenesis to form three primary germ layers
c) A process in which cells are assigned developmental fates
d) The physical order of genes corresponding to their expression along the anterior-posterior axis
e) Genetic dissection of a developmental pathway by analyzing gene mutations
Answer: d
Section: 22.4 Genetic Analysis of Development in Vertebrates
Difficulty: Easy

41) Which statement is false concerning zebra fish?
a) Morpholinos are used to block the translation of specific transcripts.
b) Morpholinos do not act over a very long period of time after injection into fertilized eggs.
c) Its genome is 1.5 billion bp in length and contains 22,000 known and predicted genes.
d) Zebra fish have become a model genetic organism for vertebrates.
e) None of these 
Answer: b
Section: 22.4 Genetic Analysis of Development in Vertebrates
Difficulty: Medium

42) Therapeutic cloning
a) involves producing ES cells by injecting a somatic cell nucleus into an enucleated egg.
b) is the same as reproductive cloning.
c) involves producing individuals from ES cell nuclei injected into an enucleated egg.
d) All of these are correct.
e) None of these are correct.
Answer: a
Section: 22.4 Genetic Analysis of Development in Vertebrates
Difficulty: Easy

43) Which of the following is a vertebrate homologue of the homeotic genes in Drosophila?
A) Hox genes
B) Tra genes
C) Dsx genes
D) Sxl genes
E) None of these are correct.
Answer: a
Section: 22.4 Genetic Analysis of Development in Vertebrates
Difficulty: Easy







44) When genes are transcribed in the same direction, with expression proceeding from one end of a cluster to the other end, both spatially (anterior to posterior in the embryo) and temporally (early to late in development) it is known as
a) bilinearity.
b) colinearity.
c) homologous transcription.
d) heterolinearity.
e) homolinearity.
Answer: b
Section: 22.4 Genetic Analysis of Development in Vertebrates
Difficulty: Easy

45) An insertion that is specifically targeted to a gene, disrupting the integrity of that gene is known as
a) knockdown.
b) knockout.
c) cutout.
d) positive deletion.
e) negative deletion.
Answer: b
Section: 22.4 Genetic Analysis of Development in Vertebrates
Difficulty: Easy

Question Type: Essay

46) Describe how the dorsal protein directs the formation of the dorsal-ventral axis in Drosophila.
Answer: Differentiation of a Drosophila embryo along the dorsal-ventral axis hinges on the action of the transcription factor encoded by the dorsal gene. This protein is synthesized maternally and stored in the cytoplasm of the egg. At the time of blastoderm formation, the dorsal protein enters the nuclei on the ventral side of the embryo, inducing the transcription of two genes called twist and snail (whimsically named for their mutant phenotypes). In these same nuclei, it represses the genes zerknüllt (from the German for “crumpled”) and decapentaplegic (from the Greek words for “15” and “stroke”). The selective induction and repression of these genes cause the ventral cells to differentiate into a primitive embryonic layer of tissue called the mesoderm. On the opposite side of the embryo, where the dorsal protein is excluded from the nuclei, twist and snail are not induced and zerknüllt and decapentaplegic are not repressed. Consequently, these cells differentiate
into a different primitive tissue, the embryonic epidermis. The entrance of the dorsal transcription factor into the ventral nuclei and its exclusion from the dorsal nuclei therefore initiate differentiation along the dorsal-ventral axis.
Section: 22.2 Maternal Gene Activity in Development
Difficulty: Medium





47) Describe how the hunchback and caudal genes direct the formation of the anterior-posterior axis in Drosophila, and the role of bicoid and nanos proteins in this process.
Answer: The anterior-posterior axis in Drosophila is created by the regional synthesis of transcription factors encoded by the hunchback and caudal genes. These two genes are transcribed in the nurse cells of the maternal germ line. These special cells support the growth and development of the oocyte. The maternal transcripts of the hunchback and caudal genes are then carried from the nurse cells into the oocyte where they become uniformly distributed in the cytoplasm. However, both types of transcripts are translated in different parts of the embryo. The hunchback RNA is translated only in the anterior part, and the caudal RNA is translated only in the posterior part. This differential translation produces concentration gradients of the proteins encoded by these two genes; hunchback protein is concentrated in the anterior part of the embryo, and caudal protein is concentrated in the posterior part. These two proteins then function to activate or repress transcription of the genes whose products are involved in the differentiation of the embryo along its anterior-posterior axis. Two maternally supplied RNAs, bicoid and nanos,
are synthesized in the nurse cells of the maternal germ line and are then transported into the oocyte. The bicoid RNA becomes anchored at the anterior end of the developing oocyte, and the nanos RNA becomes anchored at the posterior end. After fertilization, each type of RNA is translated locally, and the resulting protein products diffuse through the embryo to form concentration gradients; bicoid protein is concentrated at the anterior end, and nanos protein is concentrated at the posterior end. Bicoid acts as a transcription factor to stimulate the synthesis of RNAs from several genes, including hunchback. These RNAs are then translated into proteins that control the formation of the anterior structures of the embryo. Bicoid also prevents the translation of caudal RNA by binding to sequences in the 3′ untranslated region of that RNA. Nanos protein is concentrated in the posterior of the embryo, and there it binds to the 3′untranslated region of hunchback RNA and causes the degradation of that RNA. Consequently, hunchback protein is not synthesized in the posterior of the embryo. Instead, its synthesis is restricted to the anterior of the embryo where it acts as a transcription factor to regulate the expression of genes involved in anterior-posterior differentiation. Wherever hunchback protein is synthesized, the embryo develops anterior structures.
Section: 22.2 Maternal Gene Activity in Development
Difficulty: Hard

48) What are maternal-effect genes and how can they be identified?
Answer: Mutations in genes that contribute to the formation of healthy eggs have no effect on the viability or appearance of the female making those eggs. Instead, their effects may be seen only in the next generation. Such mutations are called maternal-effect mutations because the mutant phenotype in the offspring is caused by a mutant genotype in its mother. Genes identified by such mutations are called maternal-effect genes. Mating between flies homozygous for recessive mutations in this gene produce inviable progeny. This lethal effect is strictly maternal. A cross between homozygous mutant females and homozygous wild-type males produces inviable progeny, but the reciprocal cross produces viable progeny. The lethal effect of the dorsal mutation is therefore manifested only if females are homozygous for it. The male genotype is irrelevant.
Section: 22.2 Maternal Gene Activity in Development
Difficulty: Medium



49) What are the basic steps in constructing a knockout mutation in mice?
Answer:  Knockout mutagenesis is possible with a gene that has already been cloned and can help researchers determine the role the normal gene plays during development. To create a knockout mutation, the sequence of the cloned gene must be altered in vitro and then introduced into cultured embryonic stem cells. At a low frequency, the mutated transgene will replace its normal allele on the chromosome by homologous recombination. This process is called gene targeting. ES cells that contain a targeted knockout mutation can be used to create chimeras, which can then be bred to produce transgenic strains that carry the knockout mutation. Two heterozygotes can then be crossed to make the knockout mutation homozygous and determine what effect it has on development.
Section: 22.4 Genetic Analysis of Development in Vertebrates
Difficulty: Medium

50) Discuss some of the ethical implications that surround the study stem cells in the genetic analysis of development in vertebrates.
Answer: No matter if they are derived from embryonic or adult tissue, stem cells provide an opportunity to study the mechanisms involved in the differentiation of special cell types. Stem cells can be obtained from a variety of mammals, including mice, monkeys, and humans. They can be cultured in vitro and examined for differentiation while growing there or after being transplanted into a host organism. While in culture, stem cells can be treated in various ways to ascertain what triggers their development in a specific direction. Molecular techniques, including gene-chip technologies, allow researchers to determine which genes the cells are expressing as their developmental programs unfold. Because embryonic stem (ES) cells have the greatest developmental potential, they are ideally suited for this kind of analysis. These cells are usually derived from the inner cell mass of embryos that had been created by in vitro fertilization. The issue of procuring and analyzing human ES cells is, of course, controversial. The human ES cell lines now in use were derived from embryos that were donated by people who had sought medical help to have children through in vitro fertilization. Typically, many more embryos are created through this process than are eventually used to produce children. A couple may then decide to donate its unused embryos for research purposes. The derivation of ES cells from such embryos necessarily requires that the embryos be destroyed. Some people view the destruction of early embryos as an acceptable practice; others consider it immoral. The controversy surrounding this practice has caused many governments to withhold or restrict financial support for research on human embryonic stem cells. In the United States, for example, federal government support is provided only to projects using human stem cell lines established before August 9, 2001. Funds for projects using lines established after that date must come from other sources. The debate on funding for human embryonic stem cell research has been intensified by the prospect of using human ES cells to cure diseases that result from the loss of specific cell types, such as diabetes mellitus (in which the pancreatic islet cells have been lost) and Parkinson's disease (in which certain types of neurons in a particular region of the brain have been lost). ES cell therapy has also been proposed to treat disabilities such as those resulting from spinal cord damage. The idea is to transplant cells derived from ES cells into the diseased or injured tissue and allow these cells to regenerate the lost or damaged parts of the tissue. Experiments with mice and rats suggest that this strategy might work in humans. However, many technical problems have yet to be solved. For instance, it is not yet possible to obtain pure cultures of a particular differentiated cell type. When human ES cells develop in culture, they differentiate into many kinds of cells; isolating one kind—say, for example, cardiac cells—is a formidable technical challenge. The proponents of human stem cell therapy also have to solve other kinds of problems. Cells derived from an in vitro culture might divide uncontrollably and form tumors upon being transplanted into a host, or they might be wiped out by the host's immune system. To circumvent the latter problem, researchers have proposed transplanting cells that are genetically identical to the host's cells. Such genetically identical cells could be created by using one of the host's somatic cells to generate the ES cell population. A somatic cell from the host could be fused with an enucleated egg cell obtained from a female donor (not necessarily the host). If the genetically altered egg, which is diploid, divides to form an embryo, cells could be isolated from that embryo to establish an ES cell line, which could then provide genetically identical material for transplantation back into the host. The production of ES cells by transferring the nucleus of a somatic cell into an enucleated egg is called therapeutic cloning. Stem cells might also be obtained by inducing somatic cells to revert to an undifferentiated state. Recent experiments in the United States and Japan indicate that this approach might be feasible. Differentiated skin cells were induced to become pluripotent cells by genetically transforming them with a mixture of four cloned genes. However, some of the genes that were used in these experiments are associated with tumor formation when they are expressed inappropriately. Thus, more research is needed before induced pluripotent cells can be used in stem cell therapy.
Section: 22.4 Genetic Analysis of Development in Vertebrates
Difficulty: Medium


