Test Bank: Chapter Nine

Genomics

Chapter 9: Genomics

Multiple-Choice Questions


1.
A gene for a recessive genetic disease (d) in cats is linked to an RFLP. A female from a pure-bred strain of cats unaffected by the disease is crossed to a male from a pure-bred strain affected by the disease. The F1 were intercrossed to produce an F2 that included eight kittens, as shown in the pedigree below:
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2.
In a certain diploid plant 2n = 24 and all the chromosomes are small. If DNA is extracted from plant tissue in mitotic metaphase and run on a pulsed-field electrophoresis gel, how many DNA bands should be visible? 

A) 6

* B) 12 
C) 24 

D) 48 

E) 96 

3.
In a certain diploid plant, 2n = 24 and all the chromosomes are small. If DNA is extracted from plant tissue in meiotic prophase I and run on a pulsed-field electrophoresis gel, how many DNA bands should be visible? 

A) 6 

* B) 12 
C) 24 

D) 48 

E) 96 
4.
Four clones (A, B, C, and D) of human genomic DNA are tested for sequence-tagged sites 1 thru 5.  A shows 2 and 3; B shows 2 and 5; C shows 1 and 5; D shows 3 and 4.  What is the order of the clones in their contig? 

A) ABCD 
B) BDAC 
* C) CBAD 
D) ACBD 
E) DCAB 

5.
The following cross is made between two strains of Neurospora:



RFLP-1O ad-2  RFLP-1M ad-2+


(O is an allele of RFLP locus 1 from Oak Ridge, and M is an allele from Mauriceville.) ad-2+ progeny are isolated and 85 percent of them are found to carry RFLP-1M. The map distance between the RFLP-1 locus and the ad-2 locus is 

A) 85 cM. 
B) 30 cM. 
* C) 15 cM. 
D) 7.5 cM. 
E) 42.5 cM. 

6.
A specific pair of primers is used to amplify and sequence a pair of microsatellite alleles p and q in a woman (q migrated farther than p). The same primers revealed a different pair of bands, r and s, in her husband (p migrated farther than r, and q migrated farther than s). Which microsatellites are possible in the children of this couple (assuming all alleles are unlinked)? 

A)
Only p q or r s 

B)
Only p r or q s 

C)
Only p s or r q 

*
D)
p r or p s or q r or q s 

E)
The children would not have any of the bands from the parents. 

7.
Which of the following statements is not true, concerning the comparisons between genetic, physical, and cytogenetic maps? 

*
A)
The distance between two linked markers is the same in genetic and physical maps because crossing-over occurs with equal frequency along the entire length of the chromosome. 

B)
Restriction maps, contig maps, and STS maps are examples of physical maps. 

C)
In physical maps, the distances between markers are given in megabases (Mb) where 1 Mb is approximately equal to 1 cM. 

D)
The banding patterns of chromosomes created by different staining techniques are used in constructing cytogenetic maps. 

E)
In genetic maps, the distances between various markers (for example, genes or RFLPs) are given in map units or centiMorgans. 

8.
If you were making libraries of large genomes such as those of mammals, which of the following vectors would you be the least likely to use?

A) YAC
B) BAC
* C) Lambda phage
D) PAC
E) A cosmid

9.
In genome mapping, the most general procedure uses the following methods: RFLP mapping (R), FISH (F), DNA sequencing (S), and physical mapping (P).  Which of the following is the most appropriate order of these techniques?

*
A) RFPS
B) PSRF
C) SRFP
D) FRPS
E) PRFS

10.
A minisatellite marker band present in a mother 

A)
must be present in all children 

B)
cannot be present in any of her children 

C)
will be rare in her children 

D)
will be in 1/4 of her children on average 

*
E)
will be in 1/2 of her children on average 

11.
The total number of protein-coding genes in the human genome is most likely between

A) 5-15,000.    B) 15-35,000.
  * C) 35-75,000.     D) 75-100,000.     E) 100-150,000.

12.
In an irradiation and gene transfer experiment, assume that human gene P is transferred to 6 percent of hybrids and gene Q to only 2 percent. Hybrids with both P and Q were found at a frequency of 0.12 percent. These results show that 

A)
P and Q are linked quite close together on the same chromosome. 

B)
P and Q must be on different chromosomes. 

C)
P and Q are at opposite ends of the same chromosome. 

*
D)
P and Q are never transferred together. 

E)
P and Q must be close to the centromere. 

13.
A RAPD analysis of a culture arising from a yeast ascospore amplified four different-sized bands. These bands are 

A)
from four different chromosomes. 

B)
from two homologous chromosome pairs. 

*
C)
from four different chromosomal loci. 

D)
from two different chromosomal loci. 

E)
composed entirely of repetitive DNA. 

14.
In a FISH analysis, a cloned probe of a single-copy gene hybridizes to cells in mitotic metaphase. How many fluorescent spots will be seen in one cell? 

A) 1 

B) 2 

C) 3
 
* D) 4 

E) Too many to count 

15.
In the haploid fungus Neurospora, n = 7. A strain bearing a reciprocal translocation is subjected to pulsed field gel electrophoresis. How many DNA bands are expected to be seen on the gel? 

A) 6

* B) 7 

C) 8 

D) 14 

E) 15 

Genetic Jeopardy

To play Jeopardy, the answer is given. You must supply the question. For example:
The molecular characterization of entire genomes
Answer: What is genomics? 


1.
DNA present in single copy within the genome 
Answer: What are unique sequences? 

2.
DNA present in several copies in end-to-end arrays 
Answer: What are tandem repeats? 

3.
Most abundant type of sequence present in the human genome
Answer: What are transposable elements? (or, mobile genetic elements)

4.
Neutral DNA variations for high resolution meiotic recombination maps
Answer: What are heterozygous molecular marker loci? (or, specific ones-RFLPs, SSLPs, VNTRs, CA-GT, RAPDs, SNPs)

5.
A set of overlapping clones 
Answer: What is a contig? 

6.
Use of overlapping clones to map fragments 
Answer: What is physical mapping? 

7.
Characterization of the 3-dimensional structures of all protein families
Answer: What is structural genomics?

8.
The expression, interaction, and phenotypes elicited by products encoded by the genome
Answer: What is functional genomics?

9.
A set of amplified DNA fragments found by using two inverted copies of a primer sequence
Answer: What are RAPDs? (or, randomly amplified polymorphic DNAs)

10.
A DNA variation that occurs as one base-pair difference every 1000 base pairs in human DNA
Answer: What are SNPs? (or, single nucleotide polymorphisms)

11.
One- to five-kilobase sequence consisting of variable numbers of a repeating unit 15 to 100 nucleotides long (in humans) 
Answer: What are (is) vntr loci (minisatellite DNA)? 

12.
Markers based on variation in the number of short tandem repeats 
Answer: What are SSLPs? (or, simple-sequence length polymorphisms)

13.
STSs (sequence-tagged sites) obtained from cDNA clones 
Answer: What are ESTs? (or, expressed sequence tags)

14.
A multiple restriction digest of clone used in ordering clones
Answer: What is a clone fingerprint?

15.
A class of dispersive repetitive DNA sequences composed of dinucleotide repeats 
Answer: What is microsatellite DNA? 

16.
Conserved gene location within large blocks of the genome
Answer: What are synteny maps? 

17.
Using the end of a cloned sequence as a primer into adjacent uncloned fragments to fill gaps
Answer: What is primer walking?

18.
Contig DNAs arranged on nitrocellulose filters in ordered arrays 
Answer: What is a polytene filter? 

19.
Samples of DNA laid out in regimented arrays bound to a piece of glass the size of a microscope cover slip 
Answer: What are DNA chips? 

20.
Electrophoretic method used for preparing chromosome-specific libraries
Answer: What is PFGE? (or, pulse field gel electrophoresis)

21.
A method used for sorting out individual human chromosomes by fluorescence
Answer: What is FACS? (or, fluorescence-activated-chromosome-sorting)

22.
A test system based on the yeast GAL4 transcriptional activator 
Answer: What is the yeast two-hybrid system? 

23.
A method used for sequencing bacteria
Answer: What is WGSS? (or, whole-genome-shotgun-sequencing)

24.
An example of a structural tandem repeat
Answer: What are telomeres? (or, what is heterochromatin?)

25.
A SINE present in 5% of human DNA, 200 nucleotides long, in 100,000s of copies, and probably derived from 7SL RNA
Answer: What is Alu?

26.
An example of a tandemly repeated gene
Answer: What are histone genes?

27.
The expression pattern of all transcripts (where, when, how much)
Answer: What is the transcriptome? 

28.
The expression patterns of all proteins (where, when, how much)
Answer: What is the proteome? 

29.
The complete set of physical interactions between all proteins and all DNA segments, all RNA segments, and among all proteins
Answer: What is the interactome? (or, complexome)

30.
The complete set of phenotypes produced by knockout of all genes, one at a time or in rational groups such as all members of a particular cluster of related genes
Answer: What is the phenome?
Open-Ended Questions 

1.
Four cloned human genomic DNA fragments (A through D) were tested for sequence-tagged sites (STSs) 1 through 5. The results are shown below, where + indicates the presence of an STS in a particular clone:



STS



–––––––––––––––––––



DNA
1
2
3
4
5



–––––––––––––––––––––––––––––––––



A
+
+
+



B
+

+



C


+

+



D

+

+


Draw a contig map of these cloned fragments, showing the relative positions of the STSs: 
Answer: 



4
2
1                  3

 5



D




       A






  B








C
A microsatellite probe whose locus shows tight linkage to the locus of the late-onset disorder Huntington disease (HD) was used to analyze the following family. Autoradiograms using the probe are shown:


          Paternal



 grandfather
Father
Mother
Child



(HD)
(HD)
(unaffected)
(?)































Is the child likely to develop Huntington disease later in life? 

Answer: Neither of the child’s microsatellite alleles is from the affected grandfather, so the child will not have the disease. The allele that it inherited from its father is not the one linked to the disease gene. 

3.
Geneticists working on the Human Genome Project focused on one band of chromosome 11. From this region they had a collection of eight cloned fragments (clones 18).  They also determined that seven sequence-tagged sites (STSs ag) were distributed among these clones, suggesting clone overlap. The STS distribution appears in the table below.



Clone
STS content



1
a, b, e, f



2
a, b



3
f



4
a, c, f



5
c, d



6
e



7
g



8
e, g


Arrange these clones into an overlapping group (contig) showing the regions of overlap and the positions of the STSs. 
Answer: 


5__d___c___



4_c__________f______a___



3_f___



2__a______b___



1__f______a______b______ e____



6__e____



8__e_______g__



7___g____

4.
A pair of PCR primers in unique genomic DNA is designed to amplify a microsatellite region. In a couple, this pair of primers amplifies bands of 1.2 and 1.4 kb in the man, and bands of 0.8 and 1.3 kb in the woman. What offspring genotypes are expected in regard to amplification by these primers, and in what proportions? 
Answer: The microsatellite primers amplify one microsatellite repeat locus only, so the bands will act like alleles of one gene; the cross is 1.2/1.4  0.8/1.3. There will be equal numbers of 1.2/0.8, 1.2/1.3, 1.4/0.8, and 1.4/1.3 among the offspring. 

5.
A minisatellite probe is used to prepare DNA fingerprints of a man and a woman. The man shows five bands of various sizes and the woman seven bands, some the same as and some different from the man’s. One of their children is also tested, and he shows none of his parents’ bands. Is this possible? If so, what is the probability? Explain your answer. 
Answer: If the parental markers are all presence/absence heterozygotes, then the cross might be, for example:



1/0 ; 2/0 ; 3/0 ; 4/0 ; 5/0    6/0 ; 7/0 ; 1/0 ; 2/0 ; 5/0 ; 8/0 ; 9/0


If so, a child could, in theory, lack all markers.


The probability would be 1/212 = 1/4096 = 2.4  104

6.
Assume that a fragment of human DNA 1 kb in size, when cloned and used as a probe, reveals an RFLP in total DNA cut with the restriction enzyme EcoRI. Individuals in family X show one of the following patterns: (i) one fragment of 6 kb; (ii) two fragments of 4 kb and 2 kb; or (iii) three fragments of 6 kb, 4 kb, and 2 kb. A late-onset autosomal dominant disease also occurs in this family. All the people with the disease show pattern (iii). Unaffected family members show pattern (ii).


(a) Draw diagrams that show the different RFLP morphs, and explain the presence of the three genotypes mentioned above.


(b) How would you explain the association of the disease with pattern (iii) and the absence of the disease with pattern (ii)?


(c) A man in this family is contemplating having a child. What tests need to be done? 
Answer: 


(a)



E
6 kb
E


haplotype 1
//



E
2 kb E
4 kb
E


haplotype 2
///



Probe:  xxxxx



Individuals can be 1/1, or pattern (i); 2/2 or pattern (ii); or 1/2, or pattern (iii).


(b) In this family disease allele D is linked to haplotype 1:



D
E
6 kb
E



///



d
E 2 kb
E
4 kb
E



////


(c) The man should have a DNA test to determine whether he carries D (look for haplotype 1). 

7.
A pedigree is shown below involving seven different alleles at an RFLP locus. The autoradiogram of an electrophoretic gel shows the distinctive positions of eight fragments (18). The fragments found in the grandparents appear above each grandparent, circle or square: 
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(a) Fill in the fragment pattern expected for each grandparent on the gel.


(b) Which alleles should each of the parents have on the basis of the grandparents’ and children’s genotypes? Father: _____________        Mother: _____________


(c) I and III produce several children. Which combinations of alleles would be expected in individual children? 
Answer: 


(a) Grandfather 1: 1 and 5, 6; grandmother 1: 2 and 7; grandmother 2: 3 and 8; grandfather 2: 1 and 4


(b) Father: 2 and 5, 6; mother: 4 and 8


(c) Four combinations: 5, 6 and 8; 5, 6 and 4; 5, 6; 4 and 8 

8.
A researcher is trying to determine whether an RFLP marker is linked to a specific mouse disease gene. The RFLP marker identifies a simple DNA polymorphism between two inbred mouse strains: individuals from the albino strain BalbC are homozygous for a 3-kb DNA fragment; individuals from the black strain C57BL are homozygous for a 5-kb DNA fragment. The F2 progeny from a cross between normal BalbC mice and diseased C57BL mice gave the following electrophoretic phenotypes:
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(a) Is the RFLP marker linked to the disease gene? Explain your answer.


(b) What were the phenotype and genotype of the F1 mice? If the RFLP marker and disease gene are linked, show the arrangement of disease/normal alleles and RFLP markers on the homologous chromosomes. 
Answer: 


(a) Yes, it appears to be linked to the disease gene. There are several explanations, such as the 5-kb band co-segregates with the “d” (disease) allele. Note the 24:2 ratio between the 5-kb diseased mice and the 5-kb normal mice. If they were unlinked, you would observe a 1:3 ratio.


(b) Phenotype of the F1 mice: 5-kb bands and normal (not diseased). Genotype of the F1 mice: 3 kb D/5 kb d where D = normal (not diseased); d = diseased. 

9.
A gene for a recessive genetic disease in dogs (dod/dod) is linked to an RFLP. A cross was carried out between a female of a strain affected by the DOD disease and a male from a pure-breeding strain, unaffected by the disease. The F1 males and females were crossed (brother  sister) to produce an F2 that included 12 puppies in their first litter, as shown in the pedigree below.


The two haplotypes are 8 kb and 6 + 2 kb.
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What are the genotypes of the following numbered puppies? (Include both the dod and RFLP genotypes in your answer.): #5, #6, #10, #12, and #13.
Answer: 
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8. A plasmid contains DNA from a mouse. This DNA was derived from a mouse chromosome near the gene mod, which produces the disease MOD when homozygous for the recessive allele. To map the DNA clone relative to the mod gene, a restriction fragment length polymorphism is identified. The DNA clone hybridizes to a 10-kb fragment in the inbred strain C3H. It hybridizes to two fragments, 7 kb and 3 kb, in the inbred strain DBA. A cross is carried out between a female from the C3H strain affected by the MOD disease and a male from the DBA strain unaffected by disease. The F1 males and females are crossed (brother  sister) to produce an F2 that includes 16 individuals in their first litter. The results of this cross are shown in the following pedigree:
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(a) What are the genotypes of the following numbered mice? (Include both the mod and RFLP genotypes in your answer.):



I #1
III #9



I #2
III #11



II #3
III #16



II #4
III #18


(b) Additional F2 mice were obtained from matings of the F1 mice. The table below shows the RFLP phenotypes observed for 60 diseased mice:



RFLP fragments
No. of mod diseased mice



10 kb
55



10, 7, and 3 kb
4



7 and 3 kb
1


What is the map distance (in centimorgans) from the RFLP to the mod gene, using the data on the 60 diseased mice in the table above? 
Answer: 


(a)
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(b) (4 + 2)/120 = 0.05; map distance = 5 cM 

11.
A team of geneticists wants to perform a chromosome walk to clone the rot disease gene in corn. They begin with a DNA clone that contains DNA located near the rot gene. To construct a restriction map of the clone, the geneticists digest the DNA clone with various restriction enzymes. The results are listed below:



Restriction enzyme
DNA fragment sizes (in kb)



BamH1
2, 3



XhoI
1, 1.8, 2.2



BamH1 and XhoI
1, 1.2, 1.8


(a) Draw a restriction map of the DNA clone.


(b) To map this clone relative to the rot gene, the investigators identify a restriction fragment length polymorphism, RFLP-DIZI. They find that in one corn strain (strain A), this DNA clone hybridizes to a 5-kb DNA fragment. In a second strain (strain B), this clone hybridizes to an 8-kb DNA fragment. The investigators generate F1 plants from a cross between a true-breeding strain A plant affected by the ROT disease and a true-breeding normal strain B plant. (Note: The ROT disease develops only in corn that is homozygous rot/rot.) What is the genotype of the F1 plants? (Include rot and RFLP-DIZI genotypes in your answer.)


(c) Next, the investigators generated F2 plants from the F1 plants. The table below shows the RFLP-DIZI phenotypes they observe in 100 of the diseased plants:



RFLP-DIZI fragments
Number of ROT diseased plants



8 kb
3



8 kb and 5 kb
12



5 kb
85


What is the genetic distance (in centimorgans) from the RFLP-DIZI marker to the rot gene? Show how you arrived at your answer.


(d) The haploid DNA content of corn is 4  109 base pairs. The ten chromosomes of corn have the following total genetic distances:



chromosome 1:
120 cM
chromosome 6:
80 cM



chromosome 2:
60 cM
chromosome 7:
200 cM



chromosome 3:
150 cM
chromosome 8:
120 cM



chromosome 4:
70 cM
chromosome 9:
60 cM



chromosome 5:
90 cM
chromosome 10:
50 cM


The rot gene is located on chromosome 5.


The investigators find a new DNA clone that is located 2.5 cM away from the rot gene. What is the estimated physical distance between this new clone and the rot gene (in base pairs)? (Assume that the frequency of recombination is constant across the corn genome.) Show how you arrived at your answer. 
Answer: 


(a)
XhoI  BamH1 XhoI



///



1 kb  1 kb    0.8      2.2 kb


(b)
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(c) 18/200 = 0.9; map distance = 9 cM


(d) (4  109)(2.5)/1000 = 1  107 base pairs
