Test Bank: Chapter Thirteen

Regulation of Gene Transcription


Chapter 13: Regulation of Gene Transcription

Multiple-Choice Questions


1.
The lac repressor binds to 

*
A)
lactose and DNA. 

B)
RNA polymerase. 

C)
RNA polymerase and DNA. 

D)
-galactosidase, permease, and transacetylase. 

E)
promoter and lactose. 

2.
RNA polymerase binds to 

A) repressor gene. 
* B) promoter.   C) operator. 
   D) permease gene. 
E) lactose. 

3.
Which of the following is not translated from an mRNA molecule? 

A) Repressor 
B) RNA polymerase 
C) Permease 
D) Transacetylase 
* E) Lactose 

4.
-galactosidase converts 

A)
glucose to galactose. 

B)
galactose to lactose. 

C)
galactose to glucose and lactose. 

*
D)
lactose to galactose and glucose. 

E)
lactose to two glucose molecules. 

5.
A null repressor mutation (I-) results in 

A)
no transcription. 

B)
inducible transcription. 

C)
transcription but no translation. 

D)
no translation. 

*
E)
constitutive transcription. 

6.
A promoter mutation (P-) results in 

*
A)
no transcription. 

B)
inducible transcription. 

C)
transcription but no translation. 

D)
no translation. 

E)
constitutive transcription. 

7.
A super repressor mutation (IS) results in 

*
A)
no transcription. 

B)
inducible transcription. 

C)
transcription but no translation. 

D)
no translation. 

E)
constitutive transcription. 

8.
A partial diploid of genotype I- P+ O+ Z+ / I+ P+ O+ Z- will show 

A)
inducible production of repressor. 

*
B)
inducible production of -galactosidase. 

C)
constitutive production of -galactosidase. 

D)
no production of -galactosidase. 

E)
constitutive production of lactose. 

9.
A partial diploid of genotype IS P+ O+ Z+ / I+ P+ O+ Z- will show 

A)
inducible production of repressor. 

B)
inducible production of -galactosidase. 

C)
consitutive production of -galactosidase. 

*
D)
no production of -galactosidase. 

E)
constitutive production of lactose. 

10.
A partial diploid of genotype I+ P+ O+ Z+ Y- / I+ P- O+ Z+ Y+ will show 

*
A)
inducible production of -galactosidase. 

B)
inducible production of -galactosidase and permease. 

C)
constitutive production of -galactosidase. 

D)
constitutive production of -galactosidase and permease. 

E)
no -galactosidase or acetylase production at all. 

11.
RNA polymerase binds to the promoter and transcribes the ara operon. In the presence of arabinose, both the CAP-cAMP complex and the araC-arabinose complex must bind to 

A) araO. 
* B) araI.
C) araA. 
D) araB. 
E) araD. 

12.
In the absence of arabinose, the araC protein represses the ara operon by binding to 

A)
araI. 

B)
araO. 

*
C)
araI and araO. 

D)
araI and araA. 

E)
araO and araA. 

13.
In the presence of the repressor molecule and tryptophan, the trp operon is 

A)
constitutively transcribed. 

B)
derepressed. 

C)
induced. 

*
D)
repressed. 

E)
transcribed but not translated. 

14.
Which of the following is not involved with the initiation of transcription of human genes? 

A)
TATA-binding protein 

B)
RNA polymerase 

*
C)
DNA polymerase 

D)
Activators 

E)
Coactivators 

15.
A DNA fragment that comes from the promoter region of a light-inducible plant gene is spliced to the 5' end of the promoter of another plant gene. The artificially constructed hybrid gene exhibits light inducibility. When the fragment from the original light-inducible promoter is “flipped-over” in its new place, this artificially constructed hybrid gene is also light inducible. The above fragment contains 

A)
a repressor element. 

B)
a TATA box. 

C)
a CCAAT box. 

*
D)
an enhancer. 

E)
a GAGA box. 
Matching Questions

Regulation in bacteria and phages includes a number of exotic terms with which you can amaze and alarm your friends. Twelve terms are given below (a – l), followed by twelve statements. Write the letter of the correct term. A single letter is sufficient. Not all letters need be used, and a particular letter may be used more than once.


Term List


a. Temporal control


b. Positive control


c. Negative control


d. Inducible


e. Noninducible


f. Repressible


g. Constitutive


h. Operator


i. Repressor


j. Effector molecule


k. Feedback inhibition


l. Suppressor mutation 

1.
Phenotype with respect to -galactosidase synthesis for the partial diploid


I+ O+ Z+ / I– OC Z––
Answer: d 

2.
Phenotype of I+ O+ Z– / I+ OC Z+
Answer: g 

3.
Phenotype of I+ O+ Z– / I– OC Z–
Answer: e 

4.
Phenotype with respect to the synthesis of tryptophan enzymes in the trp operon trp R+ OC S+ (trpR codes for repressor; S = structural gene) 
Answer: g 

5.
Phenotype of trp R+ O+ S+ in the presence of tryptophan 
Answer: f 

6.
Regulatory molecule must be present at site in DNA (such as promoter) so that transcription occurs. 
Answer: b 

7.
Small molecules that bind to regulatory molecule, such as repressor 
Answer: j 

8.
During lytic cycle of lambda phage, genes concerned with DNA replication are transcribed before genes specifying head proteins, which are transcribed before tail proteins. 
Answer: a 

9.
Mutation that reverses effect of another mutation at a different site 
Answer: l 

10.
Type of operons responding to catabolite repression (glucose effect) 
Answer: d 

11.
Post-translational control of biosynthetic pathway 
Answer: k 

12.
Regulatory molecule that binds to operator region in DNA 
Answer: i 
Open-Ended Questions


1.
What structural characteristic of an operon ensures that the genes contained in the operon will be coordinately controlled?
Answer: The genes in the operon are all transcribed together from a single promoter, making a polycistronic mRNA. Therefore, controlling transcription from that promoter controls all the genes simultaneously, a feature found exclusively in prokaryotes. 

2.
Consider an E. coli cell with the following mutations. What effect would each mutation have on the function of the lac operon (assuming no glucose is present)?


(a) A mutant lac operator that cannot bind repressor


(b) A mutant lac repressor that cannot bind the lac operator


(c) A mutant lac repressor that cannot bind to allolactose


(d) A mutant lac promoter that cannot bind CAP plus cAMP 
Answer: 


(a) The lac operon would always be turned on because the repressor cannot turn it off by binding to the operator.


(b) Same as (a).


(c) The operon would be uninducible. The repressor would remain bound to the operator even in the presence of the inducer.


(d) The operon would be transcribed only weakly. Even in the presence of glucose, CAP plus cAMP would be unable to facilitate polymerase binding to the lac promoter. 

3.
Positive and negative control are different ways of controlling the activity of a gene. What is the difference, and can one gene be subject to both modes of control?
Answer: With positive control, an activator protein is needed for transcription to occur, whereas for negative control, a repressor protein prevents transcription from occurring. Both mechanisms commonly act on single genes or operons; the lac operon is an example in which the repressor protein, the product of the lacI gene, represses in the absence of the inducing metabolite (allolactose), and the CAP protein activates transcription when bound to cyclic AMP; both are essential for normal regulation of lac proteins. 

4.
In the table below, state whether or not the genetic regions of the lac operon listed are transcribed in wild-type cells of E. coli:




Transcribed in
Transcribed in




presence of lactose
absence of lactose



(a) Z gene
____
____



(b) I gene
____
____



(c) lac promoter
____
____



(d) Y gene
____
____
Answer: 




Transcribed in
Transcribed in




presence of lactose
absence of lactose



(a) Z gene
yes
no



(b) I gene
yes
yes



(c) lac promoter
no
no



(d) Y gene
yes
no

5.
Would the following genotypes for the E. coli lac operon be non-inducible (non-ind), inducible (ind), or constitutive (con) for -galactosidase production?


(a) I-P+O+Z-
(b) I+P+OCZ-
(c) I-P+O+Z-/I+P+O+Z+
(d) I+P+OCZ-/I+P+O+Z+


(e) ISP+O+Z+
(f) I+P-O+Z+
Answer: (a) non-ind (b) non-ind (c) ind (d) ind (e) non-ind (f) non-ind 

6.
Describe what effect each of the following mutations would have on induction of -galactosidase by lactose.


(a) A mutation that inactivates the lacI gene


(b) A mutation that prevents the product of the lacI gene from binding lactose


(c) A mutation that prevents the product of the lacI gene from binding DNA


(d) A mutation that inactivates the crp gene


(e) A mutation in the operator that prevents the lac repressor from binding 
Answer: 


(a) If CAP + cAMP are present, then -galactosidase will be expressed constitutively.


(b) The lac repressor should prevent induction even in the presence of lactose.


(c) If CAP + cAMP are present, then -galactosidase will be expressed constitutively.


(d) The crp gene codes for the CAP protein. If it is not functional, then -galactosidase will not be expressed, because CAP is an activator.


(e) If CAP + cAMP are present, then -galactosidase will be expressed constitutively. 

7.
A number of mutations affect the expression of the lactose operon in E. coli. Complete the table given below. Use + to indicate that the enzyme is synthesized at greater than basal levels, and 0 to indicate that enzyme is not synthesized.



Inducer (IPTG) absent
Inducer (IPTG) present



-Galactosidase
Permease
-Galactosidase
Permease


(a) I+ O+ Z+ Y+
__
__
__
__


(b) IS O+ Z+ Y+
__
__
__
__


(c) I- O+ Z+ Y+
__
__
__
__


(d) I+ OC Z+ Y+
__
__
__
__


(e) IS OC Z+ Y-
__
__
__
__


(f) I+ OC Z+ Y-/I- O+ Z- Y+
__
__
__
__
Answer: 



Inducer (IPTG) absent
Inducer (IPTG) present



-Galactosidase
Permease
-Galactosidase
Permease


(a) I+ O+ Z+ Y+
0
0
+
+


(b) IS O+ Z+ Y+
0
0
0
0


(c) I- O+ Z+ Y+
+
+
+
+


(d) I+ OC Z+ Y+
+
+
+
+


(e) IS OC Z+ Y-
+
0
+
0


(f) I+ OC Z+ Y-/I- O+ Z- Y+
+
0
+
+

8.
Give the levels of -galactosidase activity (high or low) expected for the following partial diploids for the lac operon.




Lactose absent
Lactose present


(a) I+ P+ O+ Z- / I+ P- O+ Z+
____
____


(b) I+ P+ O+ Z- / I- P+ O+ Z+
____
____


(c) I+ P+ OC Z- / I+ P+ O+ Z+
____
____


(d) I- P+ OC Z+ / I+ P+ O+ Z+
____
____


(e) I+ P+ OC Z+ / IS P+ O+ Z+
____
____
Answer: 



Lactose absent
Lactose present


(a) I+ P+ O+ Z- / I+ P- O+ Z+
low
low


(b) I+ P+ O+ Z- / I- P+ O+ Z+
low
high


(c) I+ P+ OC Z- / I+ P+ O+ Z+
low
high


(d) I- P+ OC Z+ / I+ P+ O+ Z+
high
high


(e) I+ P+ OC Z+ / IS P+ O+ Z+
high
high

9.
Predict whether -galactosidase will be produced by the following E. coli strains under the conditions noted. The diploid genotypes represent F' (lac) strains. Use + to indicate that the enzyme is synthesized at greater than basal levels, and 0 to indicate that the enzyme is not synthesized.




Lactose absent
Lactose present



(a) I+ P+ O+ Z+
__
__



(b) I- P+ O+ Z+
__
__



(c) I+ P+ OC Z+
__
__



(d) I- P+ OC Z+
__
__



(e) I- P+ OC Z-
__
__



(f) I+ P+ O+ Z-
__
__



(g) I+ P+ OC Z- / I+ P+ O+ Z+
__
__



(h) I+ P+ O+ Z- / I+ P+ OC Z+
__
__



(i) I+ P+ O+ Z- / I- P+ O+ Z+
__
__



(j) I+ P+ O+ Z+ / I- P+ O+ Z-
__
__



(k) I+ P+ OC Z- / I- P+ O+ Z+
__
__



(l) I+ P+ O+ Z- / I- P+ OC Z+
__
__



(m) I- P+ O+ Z- / I- P+ OC Z+
__
__



(n) I- P+ OC Z- / I- P+ O+ Z+
__
__


Answer:

Lactose absent
Lactose present



(a) I+ P+ O+ Z+
0
+



(b) I- P+ O+ Z+
+
+



(c) I+ P+ OC Z+
+
+



(d) I- P+ OC Z+
+
+



(e) I- P+ OC Z-
0
0



(f) I+ P+ O+ Z-
0
0



(g) I+ P+ OC Z- / I+ P+ O+ Z+
0
+



(h) I+ P+ O+ Z- / I+ P+ OC Z+
+
+



(i) I+ P+ O+ Z- / I- P+ O+ Z+
0
+



(j) I+ P+ O+ Z+ / I- P+ O+ Z-
0
+



(k) I+ P+ OC Z- / I- P+ O+ Z+
0
+



(l) I+ P+ O+ Z- / I- P+ OC Z+
+
+



(m) I- P+ O+ Z- / I- P+ OC Z+
+
+



(n) I- P+ OC Z- / I- P+ O+ Z+
+
+

10.
In an operon involved in maltose utilization, three mutants were found in the control regions. They were called a, b, and c. The a- and c- mutants were expressed constitutively, whereas the b- mutant resulted in no expression, even in the presence of maltose. When an F' containing a+ was introduced into an a- strain, it still maintained constitutive expression. An F' b+ in a b- strain still showed no expression either with or without maltose. Only when an F' c+ was introduced into the c- strain did a change in expression occur. The F' c+/c- strain now showed expression only in the presence of maltose. From this information determine which of the control regions are affected in the a-, b-, and c- mutants.
Answer: Initially, we can deduce that both the a and c mutants are either oC or I-, and the b mutants must be caused by a promoter mutation. The F' analysis shows that a must be the operator region because the c+/c- partial diploid is now inducible. The c region must be the repressor. 

11.
A new sugar “bellicose” induces synthesis of two enzymes in the bel operon of E. coli. Some properties of deletion mutations affecting appearance of these enzymes are shown.



Minus bellicose
Plus bellicose



Enzyme
Enzyme



Mutations of gene (or “element”)
1
2
1
2


–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––



a
0
0
+
0



b
0
0
0
+



c
+
+
+
+



d
0
0
0
0



e
+
+
+
+


(+ means enzyme 1 or 2 is synthesized; 0 means enzyme is not synthesized.) The genes (or elements) are adjacent in the order a b c d e.


Complementation tests using partial diploids (F') are carried out. Plasmid and chromosome each carry one set of bel genes or elements. (Symbols are the same as in the previous table.)



Minus bellicose
Plus bellicose



Enzyme
Enzyme



Genotype of F'
Genotype of chromosome
1
2
1
2


––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––



a b+ c+ d+ e
a+ b+ c+ d+ e+
0
0
+
+



a b+ c+ d+ e
a+ b  c  d+ e+
0
+
+
+



a b+ c  d+ e+
a+ b+ c+ d+ e
+
0
+
+



a b+ c  d+ e+
a+ b+ c+ d  e+
+
0
+
+


Indicate with T or F whether each of the following statements about the identity of the components of the operon represented by each gene or element (ae) is true or false and explain why.


(a) a+ is the structural gene for enzyme 2.


(b) b+ is the promoter.


(c) c+ is the structural gene for enzyme 1.


(d) d+ is the operator.


(e) e+ is a gene coding for the repressor. 
Answer: 


(a) T; when a+ is mutated, the operon is no longer inducible for enzyme 2. All other components are functional, as evidenced by the inducibility of enzyme 1, so a+ = gene for enzyme 2.


(b) F; b+ = gene for enzyme 1 for similar reasons.


(c) F; c+ = operator, both because it must be adjacent to the structural genes (note the cis effect), and because mutation of the operator destroys its ability to bind repressor and results in constitutive expression of both structural genes.


(d) F; d+ = promoter. Note the cis effect and the fact that mutation results in non-inducible expression of enzyme 2. In haploids neither enzyme is expressed.


(e) T; e+ = gene for regulatory molecule (repressor) that works in trans-position. 

12.
Genes a, b, and c are the structural genes for three different enzymes (1, 2, and 3), required for the biosynthesis of compound Z. The diagram below represents the gene map, the gene-enzyme relationship, and the Z biosynthetic pathway.



R operon
< Z operon >
operons



r
a
b
c
genes



//
////



regulator
enzyme 1
enzyme 2
enzyme 3
enzymes



protein




W > X > Y > Z
pathway


In the wild-type strain, compound Z represses the synthesis of the three enzymes. They are synthesized at high levels only when compound Z is absent from the medium. Unlinked regulatory gene r specifically regulates the Z operon. A nonsense mutation at the beginning of the r gene (rnon allele) causes the inability to synthesize all the enzymes of the Z operon. The partial diploid F' rnon a+ b c+ / r+ a b+ c has the wild-type regulatory pattern.


(a) Construct the simplest model accounting for the above observations, and state whether the Z operon is under positive or negative control by the r gene. Justify your answer.


(b) State whether the r gene is cis-acting only, or both cis- and trans-acting. Explain your answer.


(c) Assume that a base-pair substitution in the r gene creates an rI allele. The product specified by this allele has lost the ability to bind compound Z but is otherwise unchanged. Predict which enzymes will be synthesized by the following strains, both in the presence and absence of compound Z in the medium.


(1) rI a+ b+ c+


(2) F' rnon a+ b c+ / rIa b+ c


(3) F' rI a+ b c+ / r+ a b+ c
Answer: 1
 


(a) The r gene regulates the Z operon by positive control. Reason: No Z operon products are expressed when the r gene product is inactive due to the rnon nonsense mutation. Model: The r+ gene product is an active activator in its native state and turns Z operon expression ON. The active activator binds Z (or its derivative) and this complex is inactive as an activator; thus the Z operon is OFF when Z is in the medium.


(b) The r gene is both cis- and trans-acting. This is deduced from the observation that the enzymes specified by both Z operon copies in strain F' rnon a+  b c+ /r+ a b+ c are expressed when the r+ from one operon copy is the ONLY source of active activator.


(c) The product of the rI allele cannot interact with Z. Hence, the activator remains active whether or not Z is in the medium. Therefore, all the enzymes are synthesized by each of the three given genotypes regardless of whether Z is in the medium. 

13.
The yuc operon in E. wonderi encodes several enzymes involved in the breakdown of yuctose into phenylalanine (an amino acid used by the cell in protein synthesis) and amarose (a sugar used by the cell for energy production). yukB, yukA, and yukD are all linked to each other (see diagram) and are transcribed in the following order: B  A  D as a polycistronic unit. It is known that the yukB, yukA, and yukD enzymes are not present in the cell unless moderate amounts of yuctose enter the cells.



YUC OPERON



P
O  yukB  yukA  yukD







5'3'



mRNA


A mutant has been isolated that produces all three enzymes at the same level as induced cells do, even without any yuctose in the medium.
(a) On the basis of this information only, give two possible explanations as to the nature of the mutation. In each case, indicate whether you expect the mutation to be linked to the yuc operon.


(b) E. wonderi has been exposed to yuctose for a long time during evolution. It is known that at moderate concentrations of phenylalanine in the medium (in addition to yuctose), the yuc enzymes are synthesized even more than usual (several folds over induction level by yuctose). The sequence of the 5' end of the yuc mRNA is shown below. It is also known that in a mutant cell in which G at position 10 has changed to T (in the DNA sequence), the yuc enzymes are no longer oversynthesized in the presence of moderate phenylalanine concentration. On the basis of this information, suggest a mechanism that is responsible for the overinduction of the yuc enzymes by phenylalanine. Include drawings if necessary.



G  T transition






AUAUUAUAUGUUUUUUUUUCGCGGCAAAAAAAAACGGCUUUUUUUUUUAACUGGUCAUG







first codon of yukB gene


(c) Why is it advantageous for the cell to have a mechanism that increases the synthesis of yuc enzymes when there is a moderate concentration of phenylalanine in the medium? 
Answer: 


(a) (i) Mutation to repressor gene (trans-acting). Repressor protein can no longer bind to operator. (ii) Mutation in operator (cis-acting). Repressor protein can no longer bind.


(b) At low levels of phenylalanine, a hairpin structure will form (see diagram) causing some termination because of ribosome stalling at the beginning of the U stretch. In the presence of medium concentrations of charged phe-tRNA, ribosomes will go through and prevent any termination (see diagram).


[image: image1.png]Lowphenyiaianine contration: GG
c ¢
AU

o
45 Termination signa
o
o
o
o
AU RNA polymerase

AVAUUAUAUGUUUUUUUUTITDUUUUCEOGEE  AACUGG

Statled ribosome



 


[image: image2.png]Medium phenylalanine concentration: o stem-ioop structure, no termination
Ribosomes RNA polymerase

5 mRNA



 


(c) Phenylalanine is the product of yuctose degradation. The cells have evolved a mechanism that responds to the product, because the presence of the product is an indication of the presence of the substrate (the true inducer of the lac operon is also a product (allolactose). In other words, phenylalanine is an additional inducer. 

14.
Deletion mutants in two different operons in E. coli were identified. Their abilities to synthesize enzymes in the presence or absence of effector molecules (small molecules that have allosteric effects on the regulatory proteins) were assessed. Predict their phenotypes as simple haploids, using + for synthesis and 0 for no synthesis of the enzymes. Fill in the tables below.


(a) The effector molecule is absent. Assume no glucose is present.



Genotype
Lactose operon
Arabinose operon



Wild type
__
__

           

Deletion of promoter




__
__



Deletion of operator
__
__



Deletion of regulatory gene




involved in negative control
__
__


(b) The effector molecule is present. Assume no glucose is present.



Genotype
Lactose operon
Arabinose operon



Wild type
__
__




Deletion of promoter




__
__



Deletion of operator
__
__



Deletion of regulatory gene 




involved in negative control
__
__


(c) Note that glucose is absent from the media above. If both the effector molecule and glucose are present, would you expect synthesis of the enzymes encoded by the structural genes of the lac or ara operons? Explain your reasoning. 
Answer: 


(a) 



Genotype
Lactose operon
Arabinose operon



Wild type
0
0



Deletion of promoter




0
0



Deletion of operator
+
0



Deletion of regulatory gene




involved in negative control
+
0


(b) 



Genotype
Lactose operon
Arabinose operon



Wild type
+
+



Deletion of promoter




0
0



Deletion of operator
+
+



Deletion of regulatory gene




involved in negative control
+
0


(c) Glucose has an effect on catabolic operons, such as ara and lac. No synthesis or a low rate of transcription for ara and lac occurs because they would not have CAP + cAMP positive control. 

15.
Below is the structure of gene X in Drosophila melanogaster. This gene is part of a gene regulatory cascade: transcription of X is controlled by a glucocorticoid hormone (through the glucocorticoid receptor complex), and the product of the X gene activates transcription of genes P and Q.


The X gene contains four exons and three introns, and can be divided into ten parts.
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(a) What parts of this diagram will be represented in the initial transcript of the X genes?


(b) What parts will be represented in the completely processed transcript?


(c) What part(s) of the transcript will have additional nucleotides attached to it (them)?


(d) What part(s) of the gene will the glucocorticoid receptor complex bind to?


(e) Will the following mutants produce a functional X gene product?



Mutant
Functional X product? (yes or no)



1-bp deletion in part 4
____



1-bp deletion in part 5
____



Deletion of entire gene encoding




the glucocorticoid receptor
____



Deletion of entire gene Q
____
Answer: 


(a) 3, 4, 5, 6, 7, 8, 9


(b) 3, 5, 7, 9


(c) 3, 9


(d) 1


(e) 
Mutant




Functional X product? (yes or no)



1-bp deletion in part 4
yes



1-bp deletion in part 5
no



Deletion of entire gene encoding




the glucocorticoid receptor
no



Deletion of entire gene Q
yes 

16.
An investigator wants to study the function of eukaryotic hormone receptors. She has identified the hormone receptors for estrogens and progesterone. She finds that each has a hormone-binding domain, a transcriptional activation domain, and a DNA-binding domain. In a cell culture line, she first eliminates the genes for the endogenous estrogen and progesterone hormone receptors. She then introduces a chimeric receptor that contains the progesterone-binding domain fused to the transcriptional activation domain, and DNA-binding domain from the estrogen receptor. Indicate below whether estrogen and/or progesterone genes are transcribed (induced or not induced) under the given conditions.


(a) 



Added hormone
Estrogen-inducible genes
Progesterone-inducible genes


Estrogen
__________
__________



Progesterone


__________


__________


(b) List four differences that distinguish enhancers from proximal cis-acting elements in eukaryotes. 
Answer: 


(a) 



Added hormone
Estrogen-inducible genes
Progesterone-inducible genes



Estrogen
not induced
not induced



Progesterone

induced




not induced


(b)



(1) Enhancers can function at great distances from the gene.



(2) Enhancers can function in either orientation.



(3) Enhancers can function 3' of the gene.



(4) Enhancers can function in introns. 

17.
The following diagram shows the structure of the tomato gene encoding glutamine synthase (GS):
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The gene contains three exons and two introns. In the diagram the gene is divided into 10 parts, numbered 1 through 10.


(a) (1) Indicate by numbers what parts in the diagram will be included in the initial transcript. (For example, if you think that the initial transcript will contain only parts 5 and 6, your answer should say 5 + 6.)


(2) Indicate by numbers which parts the completely processed transcript will have.


(3) Which part(s) of the processed transcript will have additional nucleotides attached to it (them)? Which nucleotides will they be?


(b) In which part of the gene is an enhancer most likely to be found?


(c) To determine the amount of translatable GS mRNA in leaf cells, you wish to perform a Northern blot. Describe briefly the procedure you would use and indicate which probe (from which part of the gene) you would use.


(d) Briefly describe an experiment you would do to test which segment of the promoter is responsible for the control of expression of the gene in leaf tissue. 
Answer: 


(a) (1) 3 + 4 + 5 + 6 + 7 + 8 + 9 + 10


(2) 3 + 4 + 6 + 8 + 9


(3) part 3”cap” (Gppp); part 9poly A tail


(b) Part 1 (or in an intron, part 5 or 7, or downstream of part 10)


(c) Electrophorese mRNA on agarose gels, blot to filter, probe with a radioactive probe of either part 3, 4, 6, 8, or 9.


(d) Take different segments of the promoter, attach each (separately) to the coding part of a gene known NOT to be expressed in leaf tissue, put the construct back into the plant cell, regenerate plants, do Northern blots on mRNA from leaf and nonleaf tissues. 

18.
Shown below is a diagram of the structure of a mouse gene, divided into 12 segments (designated AL). The gene contains four exons, three introns, a promoter, and an enhancer, as indicated below:
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(a) What segment(s) of the gene contain(s) the CCAAT box and TATA box elements? (List the appropriate letter(s) of the segment(s).)


(b) What segment(s) of the gene will be represented in the initial RNA transcript?


(c) What segment(s) of the gene will be removed from the initial transcript by RNA splicing?


(d) What segment(s) of the gene will possess the translation initiation codon?


(e) If the expression of this gene were controlled by a glucocorticoid hormone, what segment(s) of the gene would contain the glucocorticoid response element?


(f) An insertion of 15 bp into the middle of segment F will most likely cause (choose one: no change / a reduction / an increase) in the length of the protein product of this gene.


(g) A deletion of 15 bp from the middle of segment G will most likely cause (choose one: no change / a reduction / an increase) in the length of the protein product of this gene.


(h) An inversion of segment B will most likely cause (choose one: no change / a reduction / an increase) in the amount of the protein product of this gene.


(i) An insertion of 110 bp into the middle of segment C will most likely cause (choose one: no change / a reduction / an increase) in the amount of the protein product of this gene.
Answer: 


(a) D


(b) D, E, F, G, H, I, J, K


(c) F, H, J


(d) E


(e) B


(f) no change


(g) reduction


(h) no change


(i) no change 

19.
Discuss the role of imprinting in X chromosome inactivation in mammals.  What kinds of biochemical differences have been observed to explain imprinting?
Answer: Imprinting of one of the X-chromosomes occurs in females and results in the inactivation of the imprinted chromosome, thereby resulting in dosage compensation.  This condition is clonally inherited.  In marsupials, the paternal X is inactivated.  In eutherian mammals, inactivation occurs randomly in the cells of the embryo, but in cells that form amnion, chorion, placenta, and extraembryonic membranes, paternal X inactivation occurs.  Differences in methylation, histone acetylation, and synthesis of a special RNA (Xist) occur between inactive and active X-chromosomes. 

20.
Outline the possible approaches for identifying enhancers and other regulatory elements on a genome-wide basis in eukaryotes.
Answer: Possible approaches are: 


1) Use comparative genomics to identify conserved sequence elements.  Potential candidates can then be identified by expression studies using transcriptional expression arrays.


2) Measure the binding of purified, fluorescently-labeled transcription factors to microarray or DNA microchips that contain segments of the genome.


3) Computational analysis of the sequence of the genome.

