Test Bank: Chapter Sixteen

The Genetic Basis of Development

Chapter 16: The Genetic Basis of Development

Multiple-Choice Questions



1.
In Drosophila, which of the following genotypes will exhibit male somatic sexual phenotypes? 

A)
An XX individual containing wild-type alleles of all the genes involved in sex determination 

*
B)
An XXY individual homozygous for a null mutation of Sxl 

C)
An XX individual containing a nonsense mutation in one of the male-specific exons of the dsx gene 

D)
An XY individual containing a nonsense mutation in one of the male-specific exons of the dsx gene 

E)
An XY male containing a constitutively active Sxl gene

2.
In Drosophila, sex determination numerator and denominator elements function as 

A)
splicing factors determining the splicing pattern of the Sxl gene throughout development. 

B)
splicing factors for the dsx gene. 

*
C)
transcription factors regulating Sxl transcription early in embryogenesis. 

D)
transcription factors for expression of the dsx gene. 

E)
transcription factors regulating Sxl transcription throughout development. 

3.
In the worm C. elegans, the vulva (the opening of the uterus to the outside) develops through a series of paracrine interactions of the anchor cell and hypoderm cells of the vulva equivalence group (VEG). The paracrine signal from the anchor cell is a polypeptide hormone that binds to a receptor tyrosinase kinase (RTK) on the vulva-equivalence group cells. What fates would the VEG cells adopt if the worm were homozygous for a mutation that inactivated the protein kinase activity of the RTK? 

A)
All VEG cells would adopt a primary fate. 

B)
All VEG cells would adopt a secondary fate. 

*
C)
All VEG cells would adopt a tertiary fate. 


D)
None of the normal primary, secondary, or tertiary fates would be adopted. 

E)
The two VEG cells nearest the anchor cell would adopt secondary fates and all the other VEG cells would adopt tertiary fates. 

4.
How does the cytoskeleton contribute to the establishment of the Drosophila anterior-posterior axis? 

A)
Through microtubule control of the orientation of mitotic cleavages 

*
B)
Through microtubule-directed tethering of localized transcription factors 

C)
Through microfilament-directed asymmetric cell divisions 

D)
Through microfilament control of the orientation of mitotic cleavages 

E)
None of the above 

5.
Establishment of the dorsal-ventral axis of the Drosophila embryo 

A)
involves the production of localized DL mRNA on the ventral side of the developing embryo. 

*
B)
occurs via at least two paracrine signals transmitted between the developing oocyte and the surrounding somatic follicle cells. 


C)
involves the zygotically expressed DL morphogen. 

D)
depends on the activity of anterior-posterior morphogens such as BCD or HB-M. 

E)
None of the above 

6.
The homeotic, gap, pair-rule, and segment-polarity genes all control 

A)
aspects of anterior-posterior pattern formation. 

*
B)
the number of segments. 


C)
the developmental fates (identities) of the individual segments. 

D)
dorsal-ventral pattern formation. 

E)
the production of the anterior-posterior morphogens. 

7.
To study mammalian segmentation in the mouse, zygotically-acting mutations are generated. A recessive mutation is identified. It causes all seven cervical vertebrae (the vertebrae in the neck) to be missing. Given the striking evolutionary conservation of many aspects of development in mice and flies, one way to figure out which gene is mutated is to look for a gene affecting an analogous process in Drosophila. What type of segmentation gene in Drosophila is most analogous to the loss of seven cervical vertebrae produced by the recessive mouse mutation? 

A)
Anterior-posterior morphogen gene 

*
B)
gap gene 

C)
Pair-rule gene 

D)
Segment-polarity gene 

E)
Homeotic gene 
True-False Questions

Circle T for True or F for False, for each statement that follows. 

1.
The pathway of somatic sex determination and differentiation in Drosophila provides examples of regulation at the level(s) of


T   F  (a) gene structure.


T   F  (b) transcription.


T   F  (c) transcript processing.


T   F  (d) translation.


T   F  (e) activation of protein product. 
Answer: (a) False; (b) True; (c) True; (d) False; (e) False

2.
Which of the following karyotypes provide evidence that somatic sex determination mechanisms are different in Drosophila and mammals?


T   F  (a) XX


T   F  (b) XXY


T   F  (c) XY


T   F  (d) XO


T   F  (e) Individuals with a mixture of XX and XY cells 
Answer: (a) False; (b) True; (c) False; (d) True; (e) True

3.
Supporting evidence for the identification of the transcription unit encoding the Y chromosome-linked mammalian sex-determining gene SRY/Sry includes which of the following?


T   F  (a)
The SRY/Sry transcription unit is included in all sex reversal duplications of the 

  


tip of the Y chromosome.


T   F  (b)
XX-XY mosaic individuals are generally phenotypically male.


T   F  (c)
The SRY/Sry transcription unit includes seven exons.


T   F  (d)
The SRY/Sry transcription unit is expressed in the gonadal ridge on the kidney 




of developing mouse embryos.


T   F  (e)
The SRY/Sry transcription unit is included in the 14 kb of mouse genomic DNA 




that can be transformed into XX mouse embryos and cause them to develop as 




somatically male mice. 
Answer: (a) True; (b) False; (c) False; (d) True; (e) True

4.
Sex determination in Drosophila exemplifies a developmental pathway in which


T   F  (a)
one developmental state is the default, whereas its alternative requires the     




activation of a series of regulatory gene products.


T   F  (b)
an early decision is “remembered” through the establishment of an 




autoregulatory loop.


T   F  (c)
regulation occurs at more than one level from the gene to the active protein.


T   F  (d)
an “on-off” decision for a master switch is made early in development. 
Answer: (a) True; (b) True; (c) True; (d) True

5.
Sexual nonautonomy in mammals reflects the fact(s) that


T   F  (a)
many tissues display sexually dimorphic phenotypes.


T   F  (b)
all cells of either sex have androgen receptors.


T   F  (c)
in addition to its role in making sperm, the testis synthesizes male-specific 




hormones.


T   F  (d)
one set of cells sends instructive signals (hormones) that are received and 




interpreted by other tissues in the body. 
Answer: (a) True; (b) True; (c) True; (d) True

6.
In early Drosophila development, the pattern of gap gene expression


T   F  (a)
is dependent upon previous expression of the segment polarity genes.


T   F  (b)
is determined by the activity of the anterior-posterior morphogens BCD and 




HB-M.


T   F  (c)
determines the pattern of expression of the pair-rule genes.


T   F  (d)
determines the pattern of expression of the homeotic genes.


T   F  (e)
contributes to dorsal-ventral patterning of the embryo. 
Answer: (a) False; (b) True; (c) True; (d) True; (e) False

7.
In Drosophila, the nos gene contributes to anterior-posterior patterning by inhibiting translation of HB-M in the posterior portion of the oocyte. What would happen if the 3' untranslated region (3' UTR) of the HB-M mRNA were replaced with the 3' UTR of a gene not sensitive to translation regulation?


T   F  (a)
There would be a loss of posterior segments.


T   F  (b)
There would be no change in the segmentation pattern of the embryo because 




the BCD gradient would remain unchanged.


T   F  (c)
There would be a loss of anterior segments.


T   F  (d)
Normal dorsal-ventral pattern formation would be disrupted.


T   F  (e)
HB-M protein would be produced at high levels everywhere in the embryo. 
Answer: (a) True; (b) False; (c) False; (d) False; (e) True

8.
Which of the following are characteristics of dominant maternal effect mutations?


T   F  (a)
Mutant offspring arise from heterozygous mutant mothers.


T   F  (b)
Wild-type offspring arise from crosses of heterozygous mutant fathers 




regardless of the genotype of the mothers.


T   F  (c)
Heterozygous mutant fathers crossed to homozygous normal mothers produce 




normal offspring.


T   F  (d)
Mutant offspring arise from homozygous mutant fathers crossed to normal 




mothers.


T   F  (e)
When mutant offspring arise, they account for 50 percent of the offspring. 
Answer: (a) True; (b) False; (c) True; (d) False; (e) False

9.
The homeotic (HOM-C) genes and the Sxl gene have the following in common:


T   F  (a)
They are master switch genes for the developmental fate of cells.


T   F  (b)
They encode proteins that regulate mRNA-splicing patterns.


T   F  (c)
They are both regulated by the X:A ratio of the fly.


T   F  (d)
They must be expressed throughout the lifetime of a cell to maintain its proper 




fate.


T   F  (e)
Different mechanisms control their initial expression and their maintenance. 
Answer: (a) False; (b) False; (c) False; (d) True; (e) True
Open-Ended Questions


1.
What effect would a mutation that inactivates the early Sex lethal promoter PE have on XX flies? What effect would it have on XY flies? Explain your answer. 
Answer: The early Sex lethal promoter PE is required in XX flies for synthesis of a small amount of SXL protein that can begin the female-specific splicing process. If this promoter is inactivated, then no female-specific splicing will occur. Thus, XX flies will be in trouble (they die due to problems in dosage compensation as well as having ambiguous secondary sexual characteristics). By contrast, XY flies will be normal. 

2.
In humans, the Tfm (Testicular feminization) gene, located on the X chromosome, encodes the testosterone receptor. The testosterone receptor, a nuclear hormone receptor, is required in every cell that produces a different phenotype in each of the two sexes.


(a) XY individuals hemizygous for a loss-of-function Tfm mutation are phenotypic females. Explain the basis of this mutant phenotype.


(b) A wild-type XXY individual is phenotypically male. In each of the somatic cells, one of the two X chromosomes is inactivated by the normal process of dosage compensation. X inactivation occurs at random early in development, and the decision as to which X is inactivated in a given cell is passed on to all progeny cells. If an XXY individual is heterozygous for the same loss-of-function Tfm mutation described above in (a), what would be the sexual phenotype of this individual? 
Answer: 


(a) In the absence of a functional testosterone receptor, Tfm individuals, even though XY, form a testis and secrete testosterone, but they cannot respond to the testosterone signal. Because the testosterone receptor is a transcription factor that is necessary to activate male-specific gene transcription and repress female-specific transcription, tissues remain in the default female developmental pathway.


(b) This XXY, Tfm / + individual will be a mosaic of cells, of which some have a functional testosterone receptor and others do not. The cells with functional testosterone receptor will develop a male secondary sexual phenotype, whereas those without receptor will develop as phenotypically female cells. Therefore, the individual will be a mixture of phenotypically male and female tissue. 

3.
Which sex is the “default sex” in Drosophila and which in humans? Briefly compare the major differences in the default systems for sex determination in Drosophila and humans. 
Answer: In Drosophila the “default sex” is the male; in humans it is the female. In Drosophila the early action of the SXL protein initiates downstream RNA splicing that produces dsx-F mRNA, resulting in female differentiation. When SXL protein is absent, default RNA splicing results in dsx-M mRNA and male differentiation. In humans the SRY gene on the Y chromosome produces a protein that binds to androgen receptors and activates certain gonad cells to produce testosterone, so the zygote becomes male. In the absence of this protein and androgen receptor activation, female development results. 

4.
A single gene, TDF (testis-determining factor), now known to be the same gene as SRY and located on the Y chromosome, produces a protein that initiates testis formation. David Page localized the TDF gene to a particular region of the Y chromosome, using deletion mapping and translocation data. Some of the data is shown below. For individuals A, B, C, D, and E, the length of the line indicates the portion of the Y chromosome present in that individual.
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(a) (1) What is the sex of E? (In this individual, this small piece of the Y chromosome was translocated to one of the X chromosomes.)


(2) To the right of the above diagram, indicate by an arrow the position of the TDF gene.


The 230-kilobase segment of the human Y chromosome from individual E was cloned. Within this 230-kb segment, there are four sites recognized by the restriction endonuclease Aol (Arsenic-and-old-lace). Partial digestion was used to map neighboring Aol fragments. Segment 1A1, contained within the 140-kb segment, was used as a probe. In the samples shown in the electrophoretic diagram below, digestion increases progressively from left to right.


[image: image2.png]kb

= D@ &
- @& o

probe:

210 - (segment 1A2)

190 -t s G - —

150 - g P P ———
1] —-— o < > G

Increasing enzyme unite —— .




 


(b) Make a linear map of the restriction fragments, ordering the fragments by their size (in kb).


Segment 1A2 contains sequences that are conserved in other species. This is shown in an experiment designated “Noah’s Ark Blots.” “Onto these genomic DNA transfers went one pair, male and female, of (many) beasts, clean and unclean, of birds and of (many things) that crawl on the ground, two by two (Genesis 7: 8-9), including humans, great apes, Old World and New World monkeys, rabbits, dogs, goats, horses, cattle, and chickens.” (D.C. Page et al. Cell 91 (1987): p. 1095)


Probe pDP1007 was hybridized to EcoRI-digested DNAs from normal male and female humans, gorillas, rhesus monkeys, owl monkeys, rabbits, dogs, goats, horses, cattle, and chickens (450C hybridization, 550C wash). The sex chromosome constitutions of normal male and female mammals are XY and XX respectively. The sex chromosome constitutions of normal male and female birds are ZZ and ZW respectively. A scale in kilobases is shown below.
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A restriction fragment from interval 1A2 detects highly conserved sequences in mammals and birds.


(c) Listed below are eight possible conclusions that might be reached from these data. Only three of them, however, follow from the data. Circle the numbers of the three pertinent conclusions.


(1) This sequence is highly conserved during evolution.


(2) There are two copies of this sequence on the Y chromosome and one copy on the X chromosome.


(3) There is a Y-specific fragment present in all XY male mammals tested.


(4) An X-specific fragment is present in both males and females in mammals.


(5) The Z chromosome in chickens must be similar in function to the X chromosome in mammals in sex determination.


(6) The Y chromosome of cattle must be longer in size than the Y chromosome of humans.


(7) There are two copies of this sequence on the X chromosome and one copy on the Y chromosome.


(8) The TDF gene is not Y-linked, but is X-linked instead. 
Answer: 


(a)
(1) Male XX



(2) Arrow should point to small piece shown in E that is present in Male XX


(b)



140 kb
10 kb
40 kb
20 kb
20kb


---/--------------------/--------/------------/------------/------------/--------




230 kb



(or mirror image)


(c) 1,2,4 

5.
Consider the following eukaryotic regulatory cascade:


The product of gene X is required for transcription of genes A, B, and C.


The product of gene Y is required for transcription of genes B, D, and E.


The products of genes D and Y are required for transcription of gene E, and the product of gene D is required for transcription of gene F.


The products of genes F and C are required for transcription of gene G.


(a) Draw a diagram that displays these gene interactions.


(b) Mutants were isolated with deletion mutations in gene B, C, or D. Predict whether the other genes in this cascade will be expressed in these mutants. In the following table, use + to indicate normal gene transcription and 0 to indicate no transcription.


(c) A new gene H was discovered in this system. A mutant with a deletion mutation in the H gene cannot transcribe its G, B, or C genes. Where does the H gene fit into the gene cascade? 
Answer: 


(a) (See below part c.)


(b)



Genes




A
B
C
D
E
F
G



B gene mutant
+
0
+
+
+
+
+



C gene mutant
+
+
0
+
+
+
+



D gene mutant
+
+
+
0
0
0
0


(c)
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6.
Imagine that you are shown the following Drosophila developmental mutants. Based on the characteristics given, assign each of the mutant genes to one of the following categories: homeotic gene, maternal-effect gene, or segmentation gene.




Type of gene?



Mutant strain
(Circle the best answer)



#1 Homozygous females are normal but
Homeotic



produce larvae that have a head
Maternal Effect



at each end and no posterior ends.
Segmentation



#2 Affected flies have wings growing
Homeotic



out of their heads in place of eyes.
Maternal Effect




Segmentation



#3 Homozygotes have shortened thoracic
Homeotic



regions, a normal number of abdominal
Maternal Effect



segments, but lack the second and third
Segmentation



pair of legs.



#4 The antennapedia mutant
Homeotic




Maternal Effect




Segmentation
Answer: 


#1: Maternal Effect


#2: Homeotic


#3: Segmentation


#4: Homeotic 

7.
How would the amount and location of hunchback protein (HB-M) be altered in Drosophila embryos produced by


(a) a nanos- / nanos- mother.


(b) a nanos+ / nanos- mother.


(c) a bicoid -  / bicoid -  mother.


(d) a bicoid+ / bicoid -  mother.


(e) a bicoid+ / bicoid+ / bicoid+ mother. 
Answer: 


(a) No nanos mRNA will be in the posterior of the egg, so there will be no Nanos protein in the posterior of the egg, and no repression of hunchback mRNA in the posterior of the egg. This hunchback mRNA is provided by the mother, and will be translated into hunchback protein.


(b) The mother has a wild-type copy of the nanos gene, so development will be normal. (However, the gradient of nanos expression may be shifted slightly posterior, allowing an increased area of hunchback expression in the middle of the animal.)


(c) No bicoid mRNA will be present in the anterior of the egg, so there will be no Bicoid protein in the anterior of the egg, and no zygotic transcription of the hunchback gene. Thus, no new hunchback mRNA or protein will be formed in the anterior of the egg.


(d) The mother has a wild-type copy of the bicoid gene, so development will be normal. (However, the gradient of bicoid expression will be shifted slightly anterior, thus decreasing the size of the anterior region of hunchback expression.)


(e) The mother has three wild-type copies of the bicoid gene, so development will be normal. (However, the gradient of bicoid expression will be shifted slightly posterior, thus increasing the size of the anterior region of hunchback expression.) 


8.
(a) Genes act in a hierarchical cascade to activate the elements forming the anterior-posterior segmentation pattern in Drosophila embryos. Briefly describe the phenotypic consequences of a mutation in one of the



(i) maternal effect genes



(ii) homeotic genes



(iii) segment-polarity genes


(b) Describe the structure and function of the products encoded by the genes found in the HOM/HOX complexes. 
Answer: 


(a)



(i) Maternal effect genes: no differentiation of head and tail; no gradient



(ii) Homeotic genes: body parts in the wrong places



(iii) Segment-polarity genes: wrong number of segments


(b) Nuclear proteins containing a DNA-binding motif, the homeodomain, regulate transcription of other genes. 

9.
(a) For each method of gene regulation, circle whether it could work only in prokaryotic cells, only in eukaryotic cells, or in both kinds of cell.


(1)
Polycistronic mRNA
prokaryotic only
eukaryotic only
both


(2)
Repression of
prokaryotic only
eukaryotic only
both



transcription


(3)
Differential mRNA
prokaryotic only
eukaryotic only
both



splicing


(4)
Activation of
prokaryotic only
eukaryotic only
both



transcription


(b) In normal Drosophila, bicoid mRNA is placed into the anterior portion of the oocyte by adjacent nurse cells. After they have been fertilized by wild-type sperm, determine if each of the following oocytes will develop a normal or defective anterior-posterior axis. Circle the best answer for each.


(1)
A bicoid-/bicoid- oocyte produced
normal
defective



by a bicoid-/bicoid- mother


(2)
A bicoid-/bicoid- oocyte produced
normal
defective



by a bicoid+/bicoid- mother
(3)
A bicoid-/bicoid- oocyte produced
normal
defective



by a bicoid-/bicoid- mother, after



injection of wild-type bicoid mRNA



into the posterior of the embryo


(4)
A bicoid-/bicoid- oocyte produced
normal
defective



by a bicoid+/bicoid- mother, after



injection of wild-type bicoid mRNA



into the posterior of the embryo


(5)
A bicoid-/bicoid- oocyte produced
normal
defective



by a bicoid-/bicoid- mother, after



injection of wild-type bicoid mRNA



into the anterior of the embryo


(6)
A bicoid-/bicoid- oocyte produced
normal
defective



by a bicoid+/bicoid- mother, after



injection of wild-type bicoid mRNA



into the anterior of the embryo


(c) In the nematode C. elegans, the lin-3 gene encodes the signal that causes vulva precursor cells to undergo vulva development; the let-23 gene encodes the receptor that receives this signal; and the let-60 gene encodes the Ras protein, which helps transmit this signal to the nucleus. For each of the following types of C. elegans hermaphrodites, indicate whether the worm will be vulvaless, have a normal vulva, or have multiple vulvae.


Assume that lf mutations prevent each gene from working during vulva development, and that gf mutations cause each gene to be constitutively active in the cells in which it is normally expressed.


(1) let-23 (lf) / let-23 (lf)


(2) let-23 (lf) /let-23 (lf) ; let-60 (gf) / let-60 (gf)


(3) lin-3 (gf) / lin-3 (gf); let-23 (lf) / let-23 (lf)


(4) let-23 (lf) / let-23 (lf); let-60 (lf) / let-60 (lf)


(d) You find a genetic mosaic worm in which some cells are lin-3 (+) / lin-3 (lf) / lin-3 (lf), and other cells are lin-3 (lf) / lin-3 (lf). Which cells must carry the lin-3 (+) allele for vulva development to occur normally? Circle the best answer.


(1) All of the vulva precursor cells


(2) Only the vulva precursor cell nearest the anchor cell


(3) Only the three vulva precursor cells nearest the anchor cell


(4) Only the anchor cell


(5) All of the vulva precursor cells and the anchor cells


(6) All cells in the worm 
Answer: 


(a)
(1) prokaryotic only



(2) both



(3) eukaryotic only



(4) both


(b)
(1) defective



(2) normal



(3) defective



(4) defective



(5) normal



(6) normal


(c)
(1) vulvaless



(2) multiple vulvae



(3) vulvaless



(4) vulvaless


(d) 4 

10.
In the nematode C. elegans, the lin-3 gene encodes the signal that causes vulva precursor cells to undergo vulva development; the let-23 gene encodes the receptor that receives this signal; and the let-60 gene encodes the Ras protein, which helps transmit this signal to the nucleus. For normal vulva induction in C. elegans genetic mosaic worms


(a) which cells must have a wild-type lin-3 gene?


(b) which cells must have a wild-type let-23 gene?


(c) which cells must have a wild-type let-60 gene?


(d) is the let-23 receptor protein made only in cells that form a vulva? Why or why not? 
Answer: 


(a) Only the anchor cell, which provides the signal


(b) Only the three vulva precursor cells that will actually form the vulva


(c) Only the three vulva precursor cells that will actually form the vulva


(d) The let-23 receptor is made in all of the six vulva precursor cells, not just the ones that receive a signal and procede to form the vulva. 

11.
The cytoskeleton of the Drosophila oocyte plays a major role in the production of the major body axes of the embryo. Describe two events that lead to the formation of the anterior-posterior axis to which the cytoskeleton contributes. 
Answer: Event 1: The localized expression of bicoid (bcd) mRNA at the anterior end of the oocyte establishes the BCD morphogen gradient. Apparently bcd mRNA becomes localized in a cap at the anterior end of the developing oocyte, probably through interactions of its 3' untranslated region with proteins that bind to one end of the polarized microtubules in the oocyte. This localized mRNA produces the gradient of BCD protein, one of the two A/P morphogens.


Event 2: The localized expression of nanos (nos) mRNA at the posterior pole of the oocyte establishes the NOS protein gradient. Through its 3' untranslated region, nos mRNA becomes localized to the posterior pole of the oocyte, presumably through a complex set of interactions that indirectly anchor the mRNA to the other end of the polarized microtubules. This localized mRNA is then responsible for producing the gradient of NOS protein. NOS inhibits the translation of HB-M mRNA, creating the gradient of HB-M protein, the other A/P morphogen. 

12.
(a) In Drosophila, embryos derived from a female homozygous for a nanos loss-of-function mutation, the posterior (abdominal) segments fail to form. Explain the basis of this phenotype in terms of the effect of nanos on anterior-posterior positional information.


(b) A transgene is created that has a bicoid promoter and bicoid protein-coding sequences fused to the 3' untranslated region of nanos. Embryos are produced from mothers that carry this transgene and that are also homozygous for a loss-of-function nanos mutation. What will be the phenotype of these embryos? Explain your reasoning. 
Answer: 


(a) For posterior segments to form, posterior gap genes must be expressed. Their genes are expressed in regions in which there is little or no HB-M protein being made. The role of NOS (Nanos) protein is to prevent translation of HB-M mRNA in the posterior of the fly. Nanos mRNA is localized at the posterior pole and, upon translation, a gradient of NOS protein forms with its highest concentration at the posterior pole. HB-M mRNA is uniform in concentration throughout the early embryo. It is selectively translated only where NOS protein is absent (in the anterior of the early embryo). This creates a shallow anterior to posterior gradient of HB-M protein, in which concentrations of HB-M in the anterior half of the embryo are sufficient to repress transcription of the posterior gap genes.


(b) This embryo will be dicephalic; that is, it will have two anterior sets of segment in mirror image to one another. The bicoid mRNA will be localized to both poles; therefore, bicoid protein will be expressed in mirror image gradients. Furthermore, HB-M mRNA will be translated everywhere because there is no repressor protein present. There will be no HB-M protein gradient, but rather HB-M protein will be expressed at levels characteristic of the anterior part of the embryo. 

13.
Vulva development in the nematode C elegans involves the anchor cell and hypodermal cells of the vulva equivalence group (VEG). Loss-of-function mutations in the lin-3 and let-23 genes fail to produce a vulva, and all VEG cells adopt the tertiary fate. The lin-3 gene encodes an EGF-like polypeptide ligand, and the let-23 gene encodes the receptor tyrosine kinase (RTK) that is activated by this ligand.


(a) What do these observations tell us about the nature of anchor cell-VEG cell interactions?


(b) How could the analysis of genetic mosaics (worms in which cells are mixtures of two different genotypes) be used to analyze the roles of lin-3 and let-23 in the anchor cell and the VEG cells?


(c) What phenotype would you expect for a mutation that produces a constitutively active let-23 RTK? 
Answer: 


(a) These observations suggest that anchor cells and VEG cells send signals to each other using RTK as an intermediate. The phenotypes of the mutant individuals suggest that the tertiary fate is the default pathway in the absence of the activation of the RTK, and that the primary and secondary fates depend upon the presence of the signaling pathway.


(b) The observations described in (a) do not tell us how the ligand and the RTK contribute to communication between the anchor cell and the VEG cells. Does the ligand get secreted from the anchor cell and act upon the VEG cells to generate the primary and/or secondary fates? Alternatively, is this a signal from the VEG cells back to the anchor cell as part of the communication between these cell types? Mosaic analysis would give information as to which cells require lin-3 or let-23 to generate a normal phenotype. For example, a mosaic worm in which the anchor cell was wild type for lin-3 and the VEG cells were mutant, might produce worms with a vulva, and normal primary and secondary VEG cells. From this observation, it would appear that lin-3 function was unnecessary to the anchor cell for normal vulva development. (In reality, such mosaic experiments reveal that lin-3 activity is required in the anchor cell and let-23 in the primary and secondary VEG cells.)


(c) Because RTK activity is required to shift cells from the tertiary to primary or secondary fates, a constitutively-active RTK would produce a worm with multiple vulvae in which all VEG cells have either a primary or secondary fate, and no VEG cells would remain in the tertiary pathway. 

14.
Explain the following observations in Drosophila in terms of how gap genes and pair-rule genes form a regulatory hierarchy.



Mutations in the gap genes disrupt expression of one or two of the stripes expressed by each of the pair-rule genes. Mutations in some pair-rule genes, such as even-skipped (eve), disrupt the pattern of stripes expressed by other pair-rule genes such as fushi tarazu (ftz). However, mutations in ftz do not disrupt expression of the eve stripe pattern. When the regulatory elements of the eve gene are analyzed, using a series of reporter gene constructs in which small pieces of genomic DNA are used to drive expression of lacZ in transgenes, different pieces of eve-regulatory DNA contain enhancers for different stripes. Thus, there appear to be different enhancers for each of the seven pair-rule eve stripes. In contrast, for other pair-rule genes such as ftz, there appears to be only one enhancer that is responsible for the seven-stripe pattern (the zebra enhancer element). 
Answer: The gap genes are expressed in a localized domain of the embryo; each controls the activation of pair-rule genes within its domain. The different properties of pair-rule genes such as eve and ftz show that there is a hierarchical arrangement within the pair-rule gene class as well. The direct effect of the gap genes in forming the correct number of segments is to activate a specific stripe of expression of pair-rule genes of the eve class, according to the concentration of the protein encoded by that gap gene. In aggregate, all of the gap gene products determine the domains within which the eve class of pair-rule genes are activated. The pattern of eve activation results in the binding to zebra-type enhancers of the pair-rule genes of the ftz class, thereby activating them in their pair-rule stripe pattern. Thus, the asymmetric expression of the gap genes is employed to produce a repetitive pattern of expression of the eve class of pair-rule genes, and in turn this repetitive pattern is employed to produce the repetitive pattern of the other pair-rule genes. 

15.
In the mouse (Mus musculus), a mutation causes one of the Hox genes that is normally expressed only in the lumbar (posterior) vertebral segments to be expressed in the cervical vertebrae as well.
(a) On the basis of what is known about homeotic gene function in flies and mice, would you expect such a mutation to be dominant or recessive in producing its mutant phenotypes? Justify your answer.


(b) Would you expect these mutant phenotypes to affect the number of vertebrae or the type of vertebrae that are produced, or both? Justify your answer. 
Answer: 
(a) Dominant. Typically, the HOM-C and Hox genes are regulated such that, in a homozygous knockout for one of these genes, the gene that is normally expressed immediately anterior to that gene becomes activated in the normal expression of the knocked out gene. Thus, loss-of-function mutations cause genes to be expressed more posteriorally than normal. Gain-of-function dominant mutations typically cause a posterior gene to be expressed in a more anterior segment. These lead to the production of a gain-of-function phenotype in which posterior segmental material is expressed anteriorally.

(b) The type of vertebrae should be affected, but not their numbers. The Hox genes, like 



       the insect HOM-C genes, are segment-identity genes, controlling the qualitative 



       properties of the segments that are produced. Other genetic pathways are employed   

                   to determine segment number.

16.
(a) The Arabadopsis thaliana gene AP1 is required for A activity in flower development. It is expressed only in whorls 1 and 2. The gene AG carries out C activity. How would you test whether AG is required to prevent AP1 expression in whorls 3 and 4?


(b) You isolate the gene responsible for B activity in Arabadopsis flower development. Its activity appears to be regulated at the transcriptional level (e.g., it is only transcribed in the second and third whorls). Using a special promoter, you generate engineered plants in which this gene is transcribed in all whorls of the flower. What types of organs would develop in the flowers of these plants? Assume that this gene is capable of carrying out B activity on its own.




Wild-type plants
Engineered plants





B in all whorls



Whorl 1
Sepals
________________



Whorl 2
Petals
________________



Whorl 3
Stamens
________________



Whorl 4
Carpels
________________
Answer: 


(a) Examine AP1 expression in an ag mutant. If AG is required to prevent AP1 expression in whorls 3 and 4, the AP1 will be expressed in all whorls in an ag mutant. If AG is NOT required to prevent AP1 expression in whorls 3 and 4, then AP1 will be expressed only in whorls 1 and 2 in an ag mutant.


(b)
Whorl 1: Petals



Whorl 2: Petals



Whorl 3: Stamens



Whorl 4: Stamens 
