Test Bank: Chapter Eleven

Chromosome Mutations

Chapter 11: Chromosome Mutations

Multiple-Choice Questions


1.
In a mammal how many inactivated X chromosomes (Barr bodies) would be present in cells of individuals who were XXX? 

A) 0 

B) 1 

* C) 2 

D) 3 

E) 4 

F) 5 

2.
In a mammal how many inactivated X chromosomes (Barr bodies) would be present in cells of individuals who were XXXY? 

A) 0
 
B) 1

 * C) 2
 
D) 3

 E) 4 

F) 5 

3.
In an autotetraploid the genes A/a and B/b are closely linked on either side of the centromere. If a plant of the constitution A B / A B / a b / a b is selfed, and the chromosomes pair as bivalents, what proportion of progeny will be a b / a b / a b / a b?

A) 1/4

B) 1/16 
* C) 1/36 
D) 1/256 
E) 1/1296 

4.
In a tetraploid of genotype A/A/a/a, the A locus is close to the centromere and the chromosomes pair as bivalents. What proportion of gametes will be A/a?

A) 1/8

B) 1/4 

C) 1/3 

D) 1/2 

* E) 2/3 

5.
When an allotetraploid is backcrossed to one of its progenitor species, a sterile progeny is produced. This sterile individual can be best represented by 

A) n1 + n2 
 B) 2n1 + 2n2 
    C) 2n1 
D) 2n2 

* E) 2n1 + n2 

6.
The chromosome constitution of an allotetraploid can be represented by 

A) n1 + n2 
* B) 2n1 + 2n2      C) 2n1 
D) 2n2 

E) n1 + 2n2 

7.
In a triploid of genotype B/b/b, what proportion of gametes will be B?

A) 1/4 

B) 1/3 

C) 1/2 

* D) 1/6 
E) 2/3 

8.
A triploid with five chromosomes in each set (3n = 15) is discovered. What is the probability of a meiosis in which all univalents pass to the same pole? 

A) 1/5 

B) 1/10 
C) 1/15 
* D) 1/16 
E) 1/25 
9. In Neurospora, the genes his2 and leu2 are closely linked. From a cross his2/+ × +/leu2 a rare octad of the following type arose:




his2/+     his2/+     his2/+     his2/+     abort     abort     +/leu2     +/leu2


This octad most likely arose by 

A)
first-division nondisjunction. 

*
B)
second-division nondisjunction. 

C)
post-meiotic mitotic nondisjunction. 

D)
crossover between his2 and leu2, followed by first-division nondisjunction. 

E)
rare triploidy. 

10.
In an animal bearing the heterozygous inversion ABCDE  FGHI / ABGF  EDCHI, in one meiocyte a crossover occurred between the D and E loci and another crossover occurred between the F and G loci. (Note: the “dot” denotes the centromere.) The two crossovers involved the same two chromatids. What will be the proportion of abnormal meiotic products from that meiosis? 

*
A)
0% 

B)
25% 

C)
50% 

D)
100% 

E)
Depends on the size of the D–E and F–G regions 

11.
In an animal bearing the heterozygous inversion ABCDE  FGHI / ABGF  EDCHI, in one meiocyte a crossover occurred between the D and E loci and another crossover occurred between the F and G loci. (Note: the “dot” denotes the centromere.) The two crossovers involved all four chromatids. What will be the proportion of abnormal meiotic products from that meiosis? 

A)
0% 

B)
25% 

C)
50% 

*
D)
100% 

E)
Depends on the size of the D–E and F–G regions 

12.
A wild-type chromosome can be represented as ABC  DEFGH, and from this a chromosomal aberration arises that can be represented ABC  DEGFH. (Note: the “dot” denotes the centromere.) This is known as 

A)
deletion. 

B)
translocation. 

C)
duplication. 

D)
pericentric inversion. 

*
E)
paracentric inversion. 

13.
What is the chromosome aberration of the type ABCD  EFFGH called? (Note: the “dot” denotes the centromere.) 

A)
Paracentric inversion 

B)
Translocation 

C)
Deletion 

*
D)
Duplication 

E)
Dicentric 

14.
A fungal cross between two linked loci ad/pan × +/+ gave only the following two types of tetrads:




Tetrad 1
Tetrad 2



Spore 1
ad/pan
ad/pan



Spore 2
aborted
ad/+



Spore 3
aborted
+/pan



Spore 4
+/+
+/+


These results suggest 

A)
a deletion in the wild-type parent.

B)
a heterozygous translocation with adjacent segregation. 

C)
a heterozygous translocation with alternate segregation. 

*
D)
a heterozygous inversion. 

E)
a duplication. 
14. In yeast, the gene phe1 is on chromosome 3 and lys4 is on chromosome 7. The progeny from the cross +/+ × phe1/lys4 were:







47%
+ ; +






44%
phe1 ; lys4






4%
phe1 ; +






5%
+ ; lys4


This suggests 

A)
position-effect variegation. 

*
B)
a translocation. 

C)
a terminal deletion. 

D)
a pericentric inversion. 

E)
unequal crossovers. 

16.
In corn R is a gene for red aleurone; its recessive allele r determines colorless aleurone. A cross is made between a diploid r/r female and a trisomic R/r/r male. If pollen grains with extra chromosomes are inviable, the ratio of red to colorless kernels expected in the progeny would be 

A)
1 red:5 colorless. 

*
B)
1 red:2 colorless. 

C)
1 red:1 colorless. 

D)
2 red:1 colorless. 

E)
5 red:1 colorless. 
17.
A reciprocal translocation in a wild species of strawberry was discovered. The normal gene content was:
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The translocation gave rise to chromosomes:
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The reciprocal translocation heterozygote can be diagrammed as:
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Which chromatids, attached to their respective centromeres, must separate from one another at anaphase I to form viable meiotic products? 

A)
N1 and T1 separate from N2 and T2. 

B)
N1 separates from N2, T1, and T2. 

C)
N2 and T1 separate from N1 and T2. 

D)
T1 separates from T2, N1, and N2. 

*
E)
N1 and N2 separate from T1 and T2. 

18.
A hybrid allotetraploid species (2n = 60) was backcrossed to one of the suspected parents (2n = 30). When the F1 underwent meiosis, the prophase chromosome configuration was examined. If the guess about the suspected parent were correct, what would the chromosome configuration look like? 

A)
30 pairs 

B)
45 singles 

C)
60 singles 

D)
30 pairs and 15 singles 

*
E)
15 pairs and 15 singles 

19.
In a tetraploid species, an individual with genotype B/b/b/b was crossed with an individual with genotype b/b/b/b. What is the expected genotypic ratio in the offspring? 

A) 1:16 
B) 1:8 

C) 1:4
 
D) 1:3 

E) 1:2 

* F) 1:1 

20.
A human mosaic was discovered of type XXXY/XY. This individual probably arose by 

A)
meiotic nondisjunction in the male parent. 

B)
mitotic nondisjunction in a male zygote. 

C)
partial polyploidy in a male zygote. 

*
D)
mitotic nondisjunction in a Klinefelter zygote. 

E)
double fertilization. 
True-False Questions

Each of the following questions has two subparts. Determine whether each subpart is true or false. 

1.
Assume you are studying an organism in which duplications or deficiencies in the gametes are not viable. If this organism were heterozygous for a pericentric inversion,


T
F
(a) four-strand double crossovers within the inversion would lead to all 



inviable gametes.


T
F
(b) four-strand double crossovers, with one of the two crossovers within the 



inversion and the other outside of it, would lead to 1/2 viable gametes.
Answer: (a) True; (b) True 

2.
In maize, there are three strains found with the following gene orders for chromosome 10:



1
a b c i h g k j d e f l



2
a b c i h g f e d j k l



3
a b c d e f g h i j k l


It is possible that


T
F
(a) an inversion of part of the chromosome in strain 3 gave rise to the 



chromosome in strain 1.


T
F
(b) an inversion of part of the chromosome in strain 1 gave rise to the 



chromosome in strain 2. 
Answer: (a) False; (b) True 

3.
Application of colchicine to a vegetative bud of a heterozygote tall (D/d) tomato plant causes development of a tetraploid branch.


T
F
(a) The gametic genotypes produced by flowers of this branch are 1 



D/D:2D/d:1d/d


T
F
(b) The probability of short progeny (d/d/d/d) from a self-pollinating 



flower on this branch is 1/6. 
Answer: (a) False; (b) False 

4.
A normal woman and man have a child with severe birth defects and mental retardation. Karyotyping reveals that the father is heterozygous for a reciprocal translocation between portions of chromosomes 8 and 19, but that the mother’s karyotype is normal.


T
F
(a) One possible reason for the child’s abnormality is that it has two 



normal chromosome 8’s and a portion of 8 in the translocated chromosome.


T
F
(b) If one assumes that all the different karyotypes could somehow 



survive until birth, then the proportion of abnormal children would be 1/3.
Answer: (a) True; (b) False 
Open-Ended Questions


1.
A plant trisomic for a chromosome carrying the A gene has the genotype A/a/a. What gametes would this plant produce and in what proportions? 
Answer: The types and proportions of gametes will be 2A/a:1a/a:1A:2a. Segregation at meiosis will be such that two chromosomes of the three go to one pole and one to the other. There are three arrangements of this kind (defined by which of the three homologs behaves as a univalent). 

2.
A couple has a phenotypically normal son who, upon inspection of his sex chromosomes, is found to be XYY. In what parent, and in what meiotic division, could the nondisjunction causing this constitution have happened? 
Answer: The nondisjunction yielding a zygote with two Y chromosomes could only come from a YY sperm. Such sperm can arise only at the second meiotic division. Nondisjunction at the first division will yield disomic sperm.  They will be XY, not YY. 

3.
The severity of Down syndrome varies. In rare cases, two different kinds of cells can be detected in somatic tissues: normal and trisomy-21. Such cases are known as mosaics, and the ratio of normal and aberrant cells and where they occur may explain the variation of severity in this type of individual. How can mosaics like this arise? 
Answer: By nondisjunction of chromosome 21 in one of the early cleavage divisions of a fertilized egg, leading to a mixture of trisomic, diploid, and initially monosomic cells. 

4.
You discover a Drosophila male that is heterozygous for a reciprocal translocation between the second and third chromosomes, each break having occurred near the centromere (which for these chromosomes is near the center).


(a) Draw a diagram showing how these chromosomes would synapse at meiosis.


(b) You find that this fly has the recessive genes bw (brown eyes) and eb (ebony body) on the second and third chromosomes, respectively, and wild-type alleles on the translocated ones. The fly is crossed with a female having normal chromosomes and homozygous for bw and eb. What phenotypic classes and in what ratio would be expected in the progeny of this cross? (Hint: Zygotes with an extra chromosome arm or deficient for one do not survive. Also, remember that there is no crossing-over in Drosophila males.)
Answer: 


(a) 
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(b)
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( 50% brown, ebony (normal chromosomes)





( 50% + + (translocation heterozygote)

5.
In corn, root tip cell nuclei normally have 2n = 20 chromosomes. How many chromosomes would be typical of root tip cell nuclei in


(a) a monosomic.


(b) a trisomic.


(c) a monoploid.


(d) a triploid.


(e) a tetrasomic.


(f) an autotetraploid. 
Answer: (a) 19; (b) 21; (c) 10; (d) 30; (e) 22; (f) 40 

6.
The red fox has 17 pairs of large, long chromosomes. The arctic fox has 26 pairs of smaller shorter chromosomes. What do you expect to be the chromosome number in somatic tissues of the hybrid? 
Answer: 17 + 26 = 43


Some of the chromosomes from the red fox are in part homologous with some arctic fox chromosomes, but the homology is not complete, so many chromosomes are unpaired. In anaphase I these chromosomes move to one pole or the other, but because there is no second homologous chromosome, there will be a deficiency of this chromosome in one of the new nuclei. Because many chromosomes are unpaired, many meiotic products may lack an essential chromosome. 

7.
Describe errors in the formation of gametes or fertilization that might produce a triploid zygote. 
Answer: 


(a) A failure of the second meiotic anaphase might be followed by a reconstitution of the nucleus and formation of a diploid gamete. When fertilized by a normal gamete (haploid), the resulting zygote would be triploid.


(b) Polyspermy is occasionally seen, where two sperm fertilize one egg. The two sperm nuclei and the egg nucleus, if all fuse, would yield a triploid. In the complex fertilization process of higher plants, an extra-embryonic tissue (endosperm) is regularly formed in a similar way.


(c) A tetraploid, if it can yield diploid gametes, can form triploid zygotes when mated to a diploid organism. 

8.
Diagram the pairing structure of a translocation heterozygote having normal chromosomes of gene orders abcdefg and tuvwxyz and the translocated chromosomes abcdvwxyz and tuefg. Assume the centromeres are not within this gene region. 
Answer: 
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9.
Diagram the pairing structure of the inversion heterozygote abcdefg/abfedcg. Assume the centromere is to the left of a. Is this a paracentric or pericentric inversion? 
Answer: 
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Paracentric inversion 

10.
Diagram the early anaphase configuration of the bivalent in problem 9 if a chiasma occurred between d and e.
Answer: 
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11.
Assume that x is a new mutant allele in corn. An x/x plant is crossed with a triple-10 individual (trisomic for chromosome 10) carrying only normal dominant alleles at the x locus. Trisomic progeny for chromosome 10 are recovered and crossed back to x/x.


(a) What ratio of dominant to recessive phenotypes is expected if the x locus is not in chromosome 10?


(b) What ratio of dominant to recessive phenotypes is expected if the x locus is in chromosome 10? 
Answer: 


(a) 1:1 ratio of X/x and x/x.


(b)
Gametes
Progeny



X/X
X/X/x



x
x/x



X/x
X/x/x



X/x
X/x/x



X
X/x



X
X/x


5:1 if n + 1 pollen are viable (ratio of gametic types is 2X/x:2X:1x:1X/X). 2:1 if n + 1 pollen are not viable (ratio of gametic types is 2X/x:1x/x). 

12.
Two strains of Australian wombat were crossed. Meiotic metaphase configurations of the F1 hybrids are diagrammed below:
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Chromosome 1
Chromosome 2
Chromosomes 3 and 4



(sex chromosome)


In both strains of wombats, n = 4. The black dots are the centromeres, a and b are genetic markers located on chromosome 2, c is located on chromosome 3, and d is located on chromosome 4.


(a) How do the chromosomes of the two parental strains differ? Use terminology that most accurately describes each chromosomal rearrangement.



Chromosome 1:



Chromosome 2:



Chromosome 3:



Chromosome 4:


(b) In the two parental strains, the map distance between the a and b loci is not the same. Explain why.


(c) Assume that during meiosis in the F1 above, a crossover always occurs between the a locus and the centromere of chromosome 2.

(1) What proportion of gametes produced by the F1 hybrid will be viable? (Note: You must consider the behavior of all four chromosomes in answering this question.)



(2) What will be the genotypes of the viable gametes at the a and b loci?



(3) What will be the genotypes of the viable gametes at the c and d loci? 
Answer: 


(a) Chromosome 1 appears to be similar in both species. Chromosome 2 has a pericentric inversion in one of the parents. Chromosomes 3 and 4 have reciprocal translocations in one of the parents.


(b) In the species where a and b are on opposite sides of the centromere, they are farther apart. It would have a higher rate of recombination than the species where a and b are closer together on the same side of the centromere.


(c) 
(1) (1/2 to 1/3 for chromosomes 3,4) × (1/2 for chromosome 2) = 1/4 to 1/6



(2) +/+ and a/b



(3) +/+ and c/d 

13.
A population of Drosophila found in the highlands of the Kona district of the island of Hawaii has an inversion called Konan in the second chromosome.


The standard chromosome 2 of the wild-type Drosophila is:



d e  f g h i
(Where  = centromere)


The Konan chromosome 2 is:



D E  H G F I


In the inversion heterozygote below, a single crossover occurred between f and g.



d e  f g h i



D E  H G F I


As a result of this crossover, two of the four meiotic products will have duplications and deficiencies of some of the loci on chromosome 2.


(a) Diagram the meiotic event that leads to recombinant gamete formation.


(b) Diagram the two recombinant gametes, showing what is duplicated and what is deleted; assume that no chromosome breakage occurs.


(c) Consider the same inversion heterozygote as above. A two strand double crossover occurs, the first between f and g, the second between g and h. Diagram the chromosomes of the four gametes that result, showing the location of the genes and centromeres and the distribution of alleles. 
Answer: 


(a) 
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(b) d e  f G H  E D
Duplication: D–d, E–e, and centromere



Deficiency: I–i


      i h g F I
Duplication: I–i



Deficiency: D–d, E–e, and centromere


(c) 
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(i) d e  f g h i


(ii) d e  f G h i


(iii) D E  H g F I


(iv) D E  H G F I

14.
An inversion is present in chromosome 2 of mice. The normal form and the inverted form of chromosome 2 are illustrated below:



A
B

C
D
E


Normal form:
———————————————


Inverted form:
———————————————



A
D
C

B
E


(a) What type of inversion is this?


(b) A female mouse is heterozygous for the inversion (one normal and one inverted chromosome).
(1) Diagram the chromosomes of this female mouse at metaphase of meiosis I.

(2) Assume that a 4-strand double crossover occurred during meiosis in the  

female mouse (with one crossover between B and the centromere and one crossover between C and D). Diagram the chromosomes at anaphase of meiosis I (after the crossovers have occurred).
(3) How many of the gametes produced by the meiosis described in part (2) are 

expected to generate viable offspring? 
Answer: 


(a) Pericentric


(b) (1) 
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(b) (2) 
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(b) (3) Zero, because each gamete will bear a chromosome with a duplication and deficiency (unbalanced chromosome), which leads to inviable gametes or inviable offspring. 
14. In Drosophila, the phenotype bar-eye is due to a tandem duplication of several bands on the X chromosome. Occasionally (1 out of 1600), all true-breeding stocks of bar-eyed flies yield an even more extreme phenotype called ultrabar, which is in fact due to a triplication of this chromosomal segment. The hypothesis used to explain ultrabar’s origin is that a slight mispairing of chromosomes can occur whenever there is a duplication. If crossing-over occurs (in females), then recombinants would form as follows:
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B/B female: two strands of a
The resulting two meiotic products



bivalent, with chiasma are shown


What other evidence, not involving cytological observation, would you seek to substantiate this hypothesis? Be as exact as you can. There are at least two possible answers. 
Answer: 


(a) There should be as many wild-type males as there are ultrabar males each generation. (b) If females that are homozygous for bar eyes are made heterozygous for markers on either side of the bar locus, the ultrabar males they produce should be recombinant for these markers.

16.
The human genetic disease tuberous sclerosis (TS) is inherited as an autosomal dominant. Polycistic kidney disease (PKD) is also inherited as an autosomal dominant. Both diseases are dominant because of haplo-insufficiency; in other words in heterozygotes the one wild-type allele is insufficient for normal cell function. The genes concerned are closely linked on the short arm of chromosome 16. Rare cases have been reported of people expressing the symptoms of both TS and PKD. In these cases the two diseases are inherited together as one unit through the generations.


(a) Propose a possible mechanism for the origin of the people who have both diseases, and explain how they are inherited together.


(b) How would you test your idea?
Answer: 


(a) It could be a double mutation, but more likely is a microdeletion spanning both loci. Because of haplo-insufficiency the deletion would act as a dominant disease allele for both loci. The deletion would be inherited as a unit keeping the two diseases together in subsequent generations.


(b) Check pedigrees: In new cases the two diseases should arise together. The deletion might be visible microscopically but probably not. The best test for the deletion would be molecular; use probes for both the TS and PKD genes to see if in situ hybridization occurs on only one homolog. 

17.
A Neurospora inversion spans the region shown in brackets on the following diagram



 16 m.u. 



_____a________b_____



[  inversion  ]


A haploid strain with the inversion and of genotype a+/b+ is crossed to a chromosomally normal strain of genotype a/b.


(a) Draw the pairing configuration at meiosis.


(b) What will be the frequency of a+b and ab+ ascospores?


(c) What will be the frequency of white (aborted) ascospores?
Answer: 


(a) There will be a loop:



a [>  loop  >] b



+ [<  loop  <] +


(b) Since the genes are very close to the breakpoints, there will be no viable crossover products.


(c) Approximately 16% (all normal recombinants converted into lethal genotypes). 

18.
A pure-breeding strain of corn has the following recessive genes linked in the order shown:




adl
tes
par
centromere


This plant was fertilized with irradiated pollen from a plant homozygous for all the dominant wild-type alleles. Eighty progeny plants were obtained and crossed individually back to the recessive parent. Seventy-nine plants gave the following map:



adl
10
tes
32
par
5
centromere


while the remaining plant gave the following values:



adl
10
tes
1
par
5
centromere


(a) What is the probable cause of the abnormal behavior of the single strain?


(b) How would you test your idea?
Answer: 


(a) The crosses are all trihybrid testcrosses. Because the map distance between linked genes has been drastically reduced it is likely that the irradiation induced a paracentric inversion in one of the pollen cells treated, and hence the trihybrid is an inversion heterozygote.


(b) A simple way would be to look for inversion loops and dicentric bridges at meiosis. 

19.
In Drosophila, h determines hairy body (h+ = smooth) and se determines sepia eyes (se+ = red). The loci are approximately 40 m.u. apart on an autosome. A cross was made: se h+/se h+  se+h/se+h, and the F1 were all wild type. F1 females were testcrossed to se h/se h males and the offspring were:



39 sepia eyes



42 hairy body


(a) What progeny and in what proportions were expected?


(b) Provide an explanation of the observed results if they differ from expectations.
Answer: 


(a) Expected: 30% sepia, 30% hairy, 20% wild type, 20% sepia/hairy


(b) The recombinant classes are missing. The most likely explanation is that one of the parental lines was homozygous for an inversion spanning most of the se-h region. 

20.
In the plant genus Triticum there are many different polyploid species, as well as diploid species. Crosses were made between three different species, and hybrids were obtained. The meiotic pairing was observed in each hybrid, and this is recorded in the following table. (A bivalent is two homologous chromosomes paired at meiosis, and a univalent is an unpaired chromosome at meiosis.)



Species crossed to make hybrid
Pairing in hybrid



1. T. turdigum    T. monococcum
7 bivalents  +  7 univalents



2. T. aestivum    T. monococcum
7 bivalents  + 14 univalents



3. T. aestivum    T. turdigum
14 bivalents  +  7 univalents


Explain these results and in doing so


(a) deduce the somatic chromosome number of each species used.


(b) state which species are polyploid, and whether they are autopolyploids or allopolyploids.


(c) account for the chromosome pairing pattern in the three hybrids.
Answer:  


(a)
1 must be 2n  4n with one set of seven chromosomes in common



2 might be 2n  6n with 1 set of seven chromosomes in common



3 must be 4n  6n with 2 common sets of seven chromosomes


Putting these together:



T. monococcum = AA (2x = 14) 



T. turdigum = AABB (4x = 28)



T. aestivum = AABBCC (6x = 42)


(b) T. turdigum and T. aestivum are allopolyploids.


(c) When T. monococcum is crossed with T. turdigum an A gamete combines with an AB gamete so that in the hybrid the two A sets pair and the B has no pairing partner. The other pairings follow the same logic. 

21.
Assume that you are a genetic counselor. Four phenotypically normal couples who are all expecting their second babies consult you; they want to know about the recurrence risks of various genetic disorders. How do you advise them in each case?


Couple 1: Their first child had Down syndrome (DS). No history of any hereditary disorders in their families. Both parents are age 25.


Couple 2: Their first child had DS. The woman’s family has several cases of DS.


Couple 3: Their first child had Tay-Sachs disease (autosomal recessive).


Couple 4: Their first child had achondrosplasia (autosomal dominant).
Answer: 


Couple 1: DS most likely arose by chance nondisjunction. The risk of a second child having DS is therefore low.


Couple 2: The woman is most likely heterozygous for a translocation that generates DS. The chance of a second child having DS is therefore quite high.


Couple 3: Both parents must be carriers. The chance of a second child having Tay-Sachs is 25%.


Couple 4: Because achondroplasia is fully penetrant, the child almost certainly arose as a germinal mutation. Recurrence risk depends on the size of the mutant germinal clone. Recurrence risk in this family is much higher than in the population at large. 

22.
In the following pedigree the shaded symbols represent a rare X-linked disease of the blood. The propositus has 45 chromosomes and is sterile. Propose a single mechanism to account for both the sterility and the blood disease in this female.
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Answer: The woman is probably demonstrating a case of Turner syndrome (XO). Her mother was a carrier for the recessive disease allele, and in the father’s first or second meiotic divisions there was a nondisjunction event giving rise to a sperm lacking an X. 

23.
The ciliated protozoan, Tetrahymena thermophila, a unicellular eukaryote, possesses two distinct but related nuclei, a diploid germline nucleus, which is transcriptionally inactive, and a polyploid somatic nucleus, which is transcriptionally active. Heterokaryons can be produced with a normal somatic nucleus, and a grossly defective germline nucleus. The basic germline nuclear chromosome number is n = 5. Some time ago Peter Bruns (Cornell University) produced nullisomic strains missing arms or whole chromosomes from the five chromosomes for all sorts of combinations, like nulli-2,3,4; nulli-5; nulli-1L,2R (missing chromosomes 2, 3, and 4; missing chromosome 5; missing the left arm of chromosome 1 and the right arm of chromosome 2); and so on, using heterokaryons. Thus in a cross of a nulli-5 strain B to the C3 strain, with all normal chromosomes, the progeny will be diploid for chromosomes 1-4 but monosomic for chromosome 5. So if strains B and C3 are polymorphic and differ for alleles at locus M, and locus M is located on chromosome 5, then only the C3 allele will be expressed. If locus N is located on chromosome 2, then both the B and C3 alleles will be detected. In this way some 500 or more loci have been mapped to specific chromosomes, and in many cases to specific chromosome arms.


The following table contains data on using the nullisomic strains to map three genes:


For each cross a nullisomic from strain B was crossed to strain C3 and the apperaance of the B allele recorded (“+” if present, “” if not present).




Gene P
Gene Q
Gene R



Nulli-5
+
+
+



Nulli-4
+
+
+



Nulli-3,4
+





Nulli-1L,2R
+
+
+



Nulli-1R,3






Nulli-2L,4L
+
+
+



Nulli-2L,3,4L
+





Nulli-3R,4,5
+
+




Nulli-3,4,5
+





Nulli-1L,3L,5
+

+


Deduce the chromosomal location for each of the three genes.
Answer: 


Gene P is located on the right arm of chromosome 1.


Gene Q is located on the left arm of chromosome 3.


Gene R is located on the right arm of chromosome 3.


(Reference: P. J. Bruns, T. B. Brussard, and E. V. Merriam. 1983, Genetics 104:247.) 

24.
Recently Peter Bruns has developed UNISOMIC strains for mapping genes in Tetrahymena thermophila. A mitotic segregation mutation discovered by Eric Cole (St. Olaf College) eliminates all germline chromosomes except one of the five, and this one gets amplified so you have a bunch of the same chromosome (or chromosome arm) in the defective germline nucleus. These cells survive because they are heterokaryons with a normal somatic nucleus. DNA has been prepared from the germline nucleus of each of the various unisomic strains. This DNA can be used in a PCR reaction with primers bracketing a cloned gene. If the cloned gene is located on chromosome 5, for example, then it will be amplified using unisomic-5 DNA and a product produced that can be verified by other means.


(a) The following table contains data on mapping three cloned genes using appropriate primers for each gene in PCR reactions with a panel of unisomic DNAs. Where a product identified as the cloned gene occurs, a “+” is used; “” means that no product is produced.



Unisomic DNA





Chromosome              
Gene X        Gene Y         Gene Z




1






2R
+





2
+





3L






3

+




4


+



4R






5





Deduce the chromosomal location for each of the three cloned genes.


(b) A new diploid germline nucleus is introduced into a cell expressing the mitotic segregation mutation in its somatic nucleus. After a brief period of cell division the resulting cells are x-irradiated. Following further cell division, single cells are isolated and allowed to divide a few times to form individual clones. Each clone is examined cytologically, and only clones with a single chromosome are retained. You perform PCR using primers against genes P, Q, and R (see question 23) and genes X, Y, and Z (see part a of this question). You get the following results:



Subclone No.
Gene P
GeneQ
Gene R
Gene X
Gene Y
Gene Z



1



+





2









3
+




+


Give the best karyotype for each of the subclones.
Answer: 


(a) 
Gene X is located on chromosome 2R



Gene Y is located on chromosome 3R



Gene Z is located on chromosome 4L



(Reference: E. S. Cole and P. J. Bruns. 1997, Dev. Biol. 189:215.)



(b)
Subclone 1: unisomic-2



Subclone 2: unisomic-5



Subclone 3: unisomic-1R, 4L (It must have undergone a translocation before the 



chromosomes were lost.) 

