Test Bank: Chapter Eight

Recombinant DNA and Genetic Engineering

Chapter 8: Recombinant DNA and Genetic Engineering

Multiple-Choice Questions


1.
A circular DNA molecule has n target sites for restriction enzyme EcoRI. How many fragments will be produced after complete digestion? 

A)
n –1 

*
B)
n 

C)
n + 1

D)
2n – 1 

E)
Depends on number of doubled fragments 

2.
A linear DNA molecule has n target sites for restriction enzyme EcoRI. How many fragments will be produced after complete digestion? 

A)
n – 1 

B)
n 

*
C)
n + 1 

D)
2n – 1 

E)
Depends on number of doubled fragments 

3.
A linear DNA molecule has three target sites for restriction enzyme EcoRI. What is the maximum number of fragments that can be produced if a sample of the molecule is only partly digested? 

A) 3 

B) 4

C) 5 

D) 7 

* E) 10 

4.
A plasmid vector has a gene for erythromycin resistance (EryR) and a gene for ampicillin resistance (AmpR). The Amp gene is cut with restriction enzyme, and donor DNA treated with the same enzyme is added. What genotype of cells needs to be selected to show evidence of transformation? 

A) AmpREryR               B) AmpREryS
      * C) AmpSEryR           D) AmpSEryS 

5.
Using Southern analysis, a clone of an actin gene from yeast is used under low-stringency conditions to probe an EcoRI digest of genomic DNA from the ciliated protozoan Tetrahymena thermophila. The autoradiogram shows a single-labeled band of 4 kb in size. This means that 

A)
the Tetrahymena actin gene is 4 kb in size. 

B)
the Tetrahymena actin gene is the same size as the yeast gene. 

*
C)
the Tetrahymena actin gene is present in one copy in the genome. 

D)
the Tetrahymena actin gene is present in four copies in the genome. 

E)
the Tetrahymena actin gene is identical in sequence with the yeast gene. 

6.
A clone from a genomic library of Neurospora is used to transform a purine-requiring mutant (pur-3) to prototrophy. The transformant is testcrossed to a pur-3 strain of opposite mating type. Half the progeny are purine-requiring. This probably means that 

A)
the wild-type allele inserted at the original pur-3 locus. 

*
B)
the wild-type allele inserted ectopically. 

C)
the tester parent could not have been mutant for the same pur locus. 

D)
a new pur mutation arose. 

E)
the transformed strain was a mixture of transformed and untransformed nuclei. 

7.
A wild-type Aspergillus strain is transformed with a plasmid carrying a hygromycin resistance allele, and cells are plated on hygromycin. One resistant colony showed an aberrant type of aerial hyphae. When crossed to wild-type, the progeny were 1/2 normal hyphae, Hyg sensitive, and 1/2 aberrant hyphae, Hyg-resistant. The probable explanation is 

*
A)
the plasmid inserted in a gene for normal hyphal development. 

B)
the plasmid interfered with hyphal development. 

C)
a mutation arose in a gene for hyphal development on the plasmid. 

D)
a mutation arose in a gene for hyphal development on a recipient chromosome. 

E)
the recipient was a heterokaryon carrying some mutant nuclei. 

8.
After using the Sanger method for sequencing DNA (dideoxy nucleotide method), you observe the following autoradiogram:
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From the autoradiogram determine the base sequence of the template strand. 

A)
3´-TACGT-5´ 

B)
5´-TGCAT-3´ 

C)
3´-ACGTT-5´ 

*
D)
5´-ATGCA-3´ 

E)
5´-TTGCA-3´ 

9.
In a gene disruption experiment, the recipient cells must 

*
A)
be wild-type for the gene in question. 

B)
be mutant for the gene in question. 

C)
be deleted for the gene in question. 

D)
have a drug-resistance marker in the gene in question. 

E)
differ in mating type. 

10.
When a fertilized egg from a dwarf mouse (caused by a homozygous recessive mutation lit/lit) was injected with a normal active rat growth-hormone gene, the resulting transgenic mouse was normal-sized. This transgenic mouse was crossed to a lit/lit mouse. What proportion of baby mice are expected to be normal-sized if only one copy of the transgene was injected? 

A) 0

B) 1/4 

C) 1/3

* D) 1/2
E) 3/4 

11.
Two fertilized eggs from a dwarf mouse (caused by a homozygous recessive mutation) were injected with a normal active rat growth-hormone gene. The resulting transgenic mice, a male and a female, were normal-sized. The two transgenic mice were crossed. What proportion of baby mice are expected to be normal-sized if only one copy of the transgene was injected into each egg? 

A) 0

B) 1/4 

C) 1/3 

D) 1/2 

* E) 3/4 

12.
A certain strain of haploid fungus is transgenic for a firefly gene that is not normally found in this fungus. The transgenic strain is crossed to a normal strain. PCR primers based on the firefly sequence are used in a PCR analysis of individual ascospore progeny. What percentage of ascospores will show amplification? 

A) 0% 

B) 25% 
* C) 50% 
D) 75% 
E) 100% 


13.
A ura yeast cell is transformed to ura+ by a cloned fragment that inserts ectopically. If this transformant is crossed to wild-type (standard ura+), then what is the proportion of ura progeny? 

A) 0% 

* B) 25% 
C) 50% 
D) 75% 
E) 100% 

14.
The mutation causing the recessive disease allele for sickle-cell anemia removes one MstII restriction site from the globin gene so that a probe, instead of hybridizing to two fragments of 1.1 kb and 0.2 kb, hybridizes to one 1.3-kb fragment. For two parents to have a 25 percent chance of a child with sickle-cell anemia 

A)
they must both show only fragments of 1.1 and 0.2 kb. 

B)
they must both show fragments of 1.3 and 0.2 kb. 

C)
one must show only a 1.1- and the other only a 0.2-kb fragment. 

D)
one must show a 1.3- and the other a 1.1- and a 0.2-kb fragment. 

*
E)
they must both show all three types of fragments. 

15.
The blastocyst of a wild-type mouse is injected with cells heterozygous for a dominant mutation for bent-tail. If this blastocyst develops into a mouse, and the mouse is crossed to wild-type, what percentage of the baby mice will have bent-tail? 

A) 0% 

B) 25% 
C) 50% 
D) 100% 
* E) Can’t tell 

16.
A transgenic Arabidopsis plant contains two copies of the transgene T, one on chromosome 1 and one on chromosome 2. What percentage of the gametes will not contain the transgene? 

A) 2% 

B) 10% 
* C) 25% 
D) 50% 
E) 100% 

Open-Ended  Questions


1.
Here are the recognition sites of four restriction enzymes:
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Each enzyme cuts between the first two bases on the top strand and between the last two bases on the bottom strand, as indicated by the arrows. Which pair of these enzymes will create compatible (complementary) sticky ends? What is the sequence of this compatible sticky end? 
Answer: BamH1 and BglII; 5´-GATC-3´ 
2. Suppose you cut two different DNAs,



one with BamH1:              
         and one with BglII:



                     5´-GGATCC-3´
                      5´-AGATCT-3´





                     3´-CCTAGG-5´
                      3´-TCTAGA-5´


then ligate them together through their compatible sticky ends. Once joined, could you separate these two DNAs again with either restriction enzyme? Why or why not?
Answer: No; after ligating the two DNAs together, the site (GGATCT or AGATCC) is a hybrid—BamH1-like on one end and BglII-like on the other. Therefore, neither enzyme will recognize this site. 

3.
Restriction endonucleases BamH1, NheI, XbaI, and EcoRI make sequence-specific cuts in DNA at the following sequences:



BamH1
NheI
XbaI
EcoRI



5´-GGATCC-3´
5´-GCTAGC-3´
5´-TCTAGA-3´
5´-GAATTC-3´



3´-CCTAGG-5´
3´-CGATCG-5´
3´-AGATCT-5´
3´-CTTAAG-5´


All these enzymes break a phosphodiester bond between the first and second nucleotide (counting from the 5´ end), leaving a 5´ P and a 3´ OH.




(a) Could ligase covalently join two ends produced by the following enzymes? If so, would ligation regenerate one of the above restriction sites?


(1) Two BamH1 ends?

(4) An XbaI and an NheI end?


(2) Two XbaI ends?


(5) A BamH1 and an NheI end?


(3) A BamH1 and an EcoRI end?
Answer: (a) Some cohesive ends can form perfect Watson-Crick pairs, and therefore can be ligated; others cannot. Ligations (1) and (2), each involving two ends created by a single restriction enzyme (BamH1 and XbaI, respectively), regenerate a restriction site for the corresponding enzyme. Ligation (4) is successful because the cohesive ends are compatible, but ligation creates a “hybrid” hexanucleotide sequence that is not a restriction site for either XbaI or NheI. Ligations (3) and (5) cannot occur.

4.
The restriction enzyme ClaI recognizes the sequence AT  CGAT. It cleaves the phosphodiester backbone between the T and the C bases at the arrow.


The restriction enzyme TaqI recognizes the sequence T  CGA. It cleaves the phosphodiester backbone between the T and the C bases at the arrow.


(a) Indicate the ends of the DNA molecule left after cleavage by ClaI. Show the sequence, polarity, and overhang, if any.


(b) On average, how many sites would TaqI recognize in a random sequence of 1024 base pairs?


(c) If a TaqI-digested DNA end is ligated to a ClaI-digested DNA end, will ClaI cleave the newly ligated DNA? Will TaqI cleave the newly ligated DNA?
Answer: 

(a) 



5´-AT
5´-CGAT-3´
Overhangs are underlined.



3´-TAGC-5´
TA-5´


(b) 4 


(c) ClaI: cannot be determined; TaqI: yes 

5.
A new restriction enzyme is discovered that recognizes an 8-base restriction sequence. About how many fragments of the Wombat genome (approximately 4.2 × 108 in size) would you expect if you digested it with this enzyme? 
Answer: An 8-base recognition site will appear on average once in about 48 or 65,536 bp. If the Wombat genome is 420,000 kb in size, it would be cut into about 6409 fragments, although they would range greatly in size. 

6.
Using restriction enzymes, the fragments generated by single and double digests are shown for three different DNA molecules. The numbers refer to the size of the fragments in kb. Construct a restriction map of the fragments for each molecule.


(a)
BamH1
EcoRI
EcoRI + BamH1



8.0
8.5
8.0



5.0
7.5
5.0



3.0

2.5





0.5



(b)
HpaII
HaeIII
HpaII + HaeIII



5.0
8.5
4.0



4.0
1.5
2.0



1.0

1.5





1.0


(c)
HaeIII
BamH1
HpaII
HaeIII + BamH1
HaeIII + HpaII
BamH1 + HpaII



7.5
6.5
8.5
3.5
6.0
5.5



5.0
4.0
4.0
3.0
2.5
3.0




2.0

2.5
1.5
2.0






2.0

1.0






1.5
Answer: (a)
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(b)
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7.
A small virus, isolated from unicorns, is a circular duplex DNA molecule, 10 kb in length. When digested with the restriction endonucleases Bam and Hit, each digest was electrophoresed separately, and the set of gels illustrated below was produced. Purified fragments obtained from Bam digestion, separated and eluted off the gels, were each digested with Hit and electrophoresed with the results shown. The letters identify specific fragments. The numbers refer to the size of the fragments in kb.
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Show the positions of the sites cleaved by Bam and Hit on the map of the virus.
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Answer: 
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8.
A plasmid, pUC18, contains the ampicillin-resistance gene, the origin of replication, and the -gal gene, which codes for the -galactosidase protein. This protein can break down the synthetic chemical X-gal, producing a blue product that stains the entire cell blue (but is harmless to the bacteria). At the beginning of the -gal gene there are several unique restriction sites (some of them are shown in the diagram below).
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You wish to clone a 1.0-kb XbaI fragment into the pUC18 plasmid, so you cut the plasmid with XbaI and, after removing the enzyme, mix the XbaI-cut plasmid with the 1.0-kb fragment, ligate, and transform competent bacteria.


(a) On what medium would you grow your transformed bacteria?


(b) Do you expect the bacteria carrying plasmid pUC18 (without the insert) to be blue or white when grown in the presence of X-gal? Explain.


(c) Do you expect the bacteria carrying the recombinant plasmid with the 1.0-kb XbaI fragment (chimeric DNA) to be blue or white when grown in the presence of X-gal? Explain.


(d) Draw a diagram of the recombinant plasmid. 
Answer: (a) The medium should contain ampicillin, X-gal, and nutrients.
(a) Blue; the -gal gene is functional.

(b) White; the -gal gene is disrupted by the insertion of the 1.0-kb XbaI fragment, and no -galactosidase protein is synthesized.
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7. A chimeric plasmid contains DNA from a mouse that is suspected of containing sequences of the obese gene. As a first step, a restriction map of the DNA clone was constructed. The DNA was digested with two restriction enzymes, BopI and ZapII, with the following results:


BopI
ZapII
BopI + ZapII



8.0 kb
2.0 kb
1.0 kb




2.5 kb
1.5 kb




3.5 kb
2.0 kb





3.5 kb


(a) From these data answer the following questions:



(1) How large is the entire DNA clone?



(2) Is the clone linear or circular?



(3) Draw a restriction map consistent with these data (more than one possibility 

                        exists). Include all BopI and ZapII sites and the physical distances between them.


(b) Next, the portion of the DNA clone containing the mouse obese DNA sequences was determined. Mouse genomic DNA was digested with ZapII, and Southern blots were probed with each of the ZapII fragments labeled with radioactive isotopes in three separate experiments. Autoradiograms showed the following:
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(1) What is the maximum amount of mouse DNA present in the clone?


(2) Why didn't the 2.0-kb ZapII fragment hybridize to the mouse DNA? 
Answer: 
(a) (1) 8.0 kb; (2) circular; (3)
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(b) (1) 6.0 kb; (2) It is plasmid DNA and not homologous to mouse DNA. 

10.
A 6-kb plasmid isolated from the bacterium E. ncaa has genes for resistance to the antibiotics ampicillin (AmpR) and tetracycline (TetR). Upon digestion with the restriction enzyme CiaO, the plasmid is cut into 4-kb and 2-kb fragments. When the 4-kb fragments are recircularized and used to transform antibiotic-sensitive E. coli, the transformed cells become AmpR but cannot grow on tetracycline since they are TetS. When recircularized 2-kb fragments enter E. coli, no transformants are found.


(a) On which fragment is the AmpR gene located? The TetR gene? The origin of replication of the plasmid?


(b) The same 6-kb plasmid has two additional restriction sites: one for the enzyme FbiII and KgbI. When an additional fragment is cloned into the plasmid's FbiII site, the plasmid becomes AmpS. When an additional fragment is cloned into the KgbI site, the plasmid becomes TetS.



Double-digests with the restriction enzymes yield the following fragments:



FbiII + KgbI
2 kb, 4 kb



FbiII + CiaO
1 kb, 2 kb, 3 kb



CiaO + KgbI
1 kb, 4 kb
(1) On the circle below representing the plasmid, map all the restriction sites, 

indicating the kb between adjacent sites.
(2) On the same circle, draw the location of the Amp and Tet genes with respect to 

the restriction sites. Assume that the size of each gene is approximately 1 kb, and that if a restriction site falls within a gene, it occurs exactly in the middle of the gene.
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Answer: 

(a) AmpR—4 kb; TetR—2 kb; ori—4 kb


(b)
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11.
A recombinant phage was isolated from a genomic library. In addition to the phage’s long and short arms, the phage DNA carries a 20-kb fragment derived from Drosophila melanogaster, as diagrammed below. The total length of the recombinant phage is 50 kb. Positions of sites recognized by specific restriction enzymes are also indicated (B = BamH1; E = EcoRI; H = HindIII; P = PstI).
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(a) On the diagram of the agarose gel shown below, draw the DNA fragments you expect to see after the specified digests, electrophoresis, and staining with ethidium bromide. Indicate the size of the fragments, as shown for the EcoRI-digested sample.
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(b) The phage DNA was digested with EcoRI and PstI (see the restriction map), electrophoresed, and stained with ethidium bromide. The results are diagrammed on the right. The cloned 5-kb EcoRI fragment was made radioactive and used to probe a Southern blot of this gel. On the diagram, circle each fragment that should hybridize with the probe.
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(c) You wish to clone the 5-kb EcoRI fragment of the Drosophila DNA in the recombinant phage into a plasmid. You cut both the phage DNA and plasmid pUC17 (see diagram) with EcoRI, and after removing the restriction enzyme, mix the two kinds of digested DNA and add ligase. You then transform gal AmpS E. coli cells with the mixture of ligated DNA.


[image: image18.png]EcoRIl

Xbal
San




 


(1) The cells are then grown on a plate containing rich medium (both gal and gal+cells can grow on it). What ingredient should you include in the growth medium to prevent cells not carrying a plasmid from growing?


(2) Are the cells harboring a recombinant plasmid (pUC17 plasmid into which an EcoRI fragment has been spliced) gal+or gal? Explain.


(3) Using the restriction map above, describe all the possible recombinant plasmids with Drosophila DNA you expect to see (i.e., plasmid + X-kb fragment, plasmid + Y-kb fragment, etc.). Assume only a single fragment 18 kb or smaller can be successfully cloned into the plasmid. 
Answer: (a)
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(b)
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(c) (1) Ampicillin; (2) gal  (gal gene is disrupted); (3) plasmid + 5-kb EcoRI fragment; plasmid + 15-kb EcoRI fragment 

12.
You have constructed a cDNA library in a lambda vector using mRNAs from a pea plant. You want to identify a rubisco (a protein involved in photosynthesis) clone among the 50,000 clones in the library. You have a rubisco cDNA from tobacco to use as a probe. When hybridizing the probe to the plaques in the library, would you use higher, lower, or the same temperature as for hybridizing the tobacco DNA to a tobacco rubisco clone? Why? 
Answer: Since the tobacco probe and the pea gene will almost certainly have different sequences, you should use a lower temperature (lower stringency), so that a stable hybrid can form between the two DNAs of similar, but not identical, sequence. 

13.
In the Sanger method for sequencing DNA a single-stranded fragment is hybridized to its complementary strand in vitro. The DNA synthesis is carried out in the presence of radioactive (*) dATP and very small amounts of 2´3´-dideoxynucleotides in four different reaction mixtures (which are unlabeled). Each reaction mixture contains the four deoxynucleotides, DNA polymerase, and Mg++. Each reaction mixture is denatured and applied to an acrylamide gel, and electrophoresis is carried out. Below is diagrammed a segment of DNA hybridized to a fragment:
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(a) Give the sequences of the DNA fragments synthesized in the presence of 2´3´-dideoxythymidylic acid (ddTTP); indicate polarity. Start with base 1.


(b) What role does the fragment hybridized to its complementary strand, and diagrammed above, serve in DNA synthesis?


(c) What role does the complementary strand hybridized to the fragment serve in DNA synthesis?
(c) What would the pattern of radioactive bands look like after electrophoresis?
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Answer: 

(a) 5´-AT-3´, 5´-ATAGCCT-3´, 5´-ATAGCCTAGT-3´


(b) Primer 


(c) Template


(d) 
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14.
You have an arginine-requiring yeast strain with a mutation in one of the arginine genes. How would you isolate the wild-type allele of this gene? 
Answer: With a shuttle cloning vector able to replicate in both yeast and in E. coli, you should make a library of the genomic DNA of wild-type yeast. DNA fragments from the library cloned in the shuttle vector can then be introduced into the arg yeast, with transformants plated on minimal medium to select for arg+ cells. You should then isolate the colonies, grow them, and retrieve the plasmid from them. These colonies should have the DNA you are interested in. However, you must carry out appropriate transformations to mutant yeast to make sure that another gene has not caused the mutant cells to become prototrophic. 

15.
What attributes of a yeast shuttle vector make it a suitable cloning vector? 
Answer: A useful shuttle vector must have a marker for selection in E. coli and one for selection in yeast, a multiple cloning site, origins for replication in E. coli and in yeast. 

16.
Children with Williams syndrome are small, are mentally retarded, and have highly characteristic “elfin” features. The disease often appears sporadically in pedigrees, but it can be inherited as an autosomal dominant disease. In 90 percent of cases, a cloned gene for the protein elastin hybridizes in situ to only one homolog on the long arm of chromosome 7. In the remainder of the cases, the probe binds to both homologs.


(a) Provide a genetic explanation for these two types of Williams syndrome.


(b) Why do you think the disease is always inherited as a dominant and never as a recessive? 
Answer: (a) The first type is most likely a microdeletion surrounding the elastin gene, and the deletion may not be visible microscopically. The second type is most likely a point mutation in the elastin gene, causing null or reduced function.


(b) The disease is most likely inherited as a dominant because the gene is haplo-insufficient; in other words, in the heterozygote, a single wild-type copy cannot provide enough normal protein for normal cell function. 

17.
In a certain community a widespread mutant allele for Tay-Sachs disease (an autosomal recessive) removes a HindIII restriction site in the gene sequence. A probe is available for this region, with the following homology:



H
H


Tay-Sachs mutant region 
——/———————————/—



H
H
H


Normal sequence
——/————/————————/—



Probe homology:  xxxxxxxxxx


Two couples in the community are each expecting a child. Each couple has DNA tests to determine whether the respective child will have Tay-Sachs. The autoradiogram is shown below:



Mother 1
Father 1
Fetus 1
Mother 2
Father 2
Fetus 2



————
————
————
————
————
————



————
————

————
————
————


How would you counsel the couples? 
Answer: Both parents in couple 1 are heterozygous for the normal and mutant alleles, so 1/4 of their children will have Tay-Sachs disease. The particular fetus in question is homozygous for the long fragment, indicating that it is homozygous for the Tay-Sachs allele and would develop the disease. Couple 2 is heterozygous, but the respective child is also heterozygous and will not express the disease. (These heterozygotes are expected at a frequency of 1/2.) 

18.
DNA studies performed on a large family show an autosomal dominant disease of late onset (approximately 40 years of age). A DNA sample from each family member is digested with the restriction enzyme TaqI and run on an electrophoretic gel. A Southern blot is then performed, using a radioactive probe consisting of a portion of human DNA cloned in a bacterial plasmid. The autoradiogram is shown below, aligned with the family pedigree:
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(a) Explain the relationship between the DNA variation, the probe DNA, and the gene for the disease.


(b) How do you explain the pattern seen in the last son?


(c) How would you use these results to counsel family members who subsequently wish to have children? 
Answer: (a) All individuals have the 5-kb band, indicating that the band’s sequence is not involved with the gene in question. All affected individuals, except the last son, have the 3-kb and 2-kb bands. These two bands are not seen in unaffected individuals. It appears that the two bands are close to or part of the gene in question.


(b) The last affected son indicates that the two bands are not part of the gene in question. He represents a crossover between the gene in question and the two bands.


(c) The 2-kb and 3-kb bands are closely linked to the dominant allele. Their presence in an individual signals a high risk of developing the disease, whereas their absence suggests a low risk of developing the disease. Exact risk cannot be stated until the map units between the two bands and the gene in question are determined. A larger sample is needed to make an accurate estimate of map distance. 

19.
Huntington disease (HD) is a lethal neurodegenerative disorder that exhibits autosomal dominant inheritance. Because the onset of symptoms usually is not seen until the third, fourth, or fifth decade of life, patients with HD usually have already produced their children, and some of the children inherit the disease gene. Before the gene was isolated and cloned, there was little hope of a reliable pre-onset diagnosis, until a team of scientists searched for and found a cloned probe (called G8) that revealed a DNA polymorphism near the location of the HD gene. The probe and four hybridizing DNA haplotypes are shown below. The vertical lines represent HindIII cutting sites.



xxxxxxxxxxxxxxxxxxxxxxxxxxxxx
Extent of homology of G8 probe



17.5 kb
3.7 kb
1.2 kb
2.3 kb
8.4 kb


/————————/——————/———/————/——————/
haplotype A



17.5 kb
4.9 kb
2.3 kb
8.4 kb


/————————/–—————————/————/——————/
haplotype B



15 kb
3.7 kb
1.2 kb
2.3 kb
8.4 kb



/——————–/–——————/———/————/——————/
haplotype C



15 kb
4.9 kb
2.3 kb
8.4 kb



/——————–/——————————/————/——————/
haplotype D


(a) Draw the Southern blots expected from the cells of people who are homozygous (AA, BB, CC, and DD) and all who are heterozygous (AB, AC, AD, BC, etc.). Which show similar patterns and which show different patterns?


(b) What do the restriction site differences result from?


(c) When human-mouse cell lines are studied, the G8 probe binds only to DNA containing human chromosome 4. What does this observation tell you?


(d) Two families showing HD, one from Venezuela and one from the United States, were checked to determine their G8 hybridizing haplotypes. The results for each pedigree are shown below. Solid black symbols indicate individuals with HD; those with open symbols do not appear to have the disease. Slashes through symbols indicate family members who had died by 1983.
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What linkage associations do you see, and what do they tell you?


(e) A 20-year-old member of the Venezuelan family needs genetic counseling to assess risk of disease. Calculate the distance between the disease locus and the marker.


(f) How might these data be helpful in finding the primary defect of HD?


(g) How could finding the primary defect of HD be useful in counseling other HD families? Explain your answer.
Answer: (a)




AA
BB
CC
DD
AB
AC
AD
BC
BD
CD



17.5
—
—


—
—
—
—
—



15.0


—
—

—
—
—
—
—



8.4



4.9

—

—
—

—
—
—
—



3.7
—

—

—
—
—
—

—



2.3



1.2
—

—

—
—
—
—

—


AD and BC have identical patterns. The rest show different patterns.


(b) The differences in restriction sites come from differences in DNA sequence.


(c) The sequence that gave rise to the G8 probe is located on chromosome 4.


(d) Huntington disease is linked with haplotype C in the family from Venezuela and with haplotype A in the family from the United States.
(e)Test for the relevant polymorphism by digesting with HindIII and probing with G8. For the Venezuelan family, the haplotype linked with HD is haplotype C. There is enough information about 33 of the 34 members of the Venezuelan family in generations V, VI, and VII who were tested for their haplotype to arrive at an estimate for linkage between the C polymorphism and the HD gene. 

The relevant part of the Venezuelan pedigree is repeated below. A checkmark appears below the informative members of this pedigree.
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Note that of the 33 members included, there is one crossover individual (VI, 5) who is AC and does not have HD. Thus, the C polymorphism is 100% × 1/33, or 3 cM away from the HD gene. This gives us an estimate of risk: If a person tests positive for the C polymorphism, there is a 97 percent chance of having the gene for HD and a 3 percent chance of not having it.


(f) The G8 probe was used to identify the region in which the HD gene is located. The locus was isolated by means of chromosome walking. The gene can be transcribed and translated, even though the protein product (huntingtin) is not yet understood.


(g) Once huntingtin, the protein product of the HD gene, is understood, members of other families can be tested for the protein directly, and gene therapy administered to those with the defective product. 
