Chapter 9—Meiosis

Chapter Review Answers

Conceptual Review

1.
The tetraploid is able to go through meiosis because it has an even number of homologues to pair in prophase I. After meiosis I, daughter cells will be diploid with 2 copies of each type of chromosome in each gamete. When a diploid gamete fuses with a haploid gamete, the zygote will have three copies of each type of chromosome = a triploid. 


Mitosis proceeds normally in triploid cells because replicated chromosomes do not pair with homologues. They align independently, and then the sister chromatids separate-replicate-separate over and over. It does not matter how many copies of each type of chromosome are present. However, in meiosis, homologous chromosomes must pair up and align together at the metaphase plate. The third set of chromosomes in a triploid cell will not have homologous partners to pair with.

2.
Meiosis I is the reduction division because the progeny cells are each haploid—they have only one copy of each chromosome; chromosome number is reduced from two sets to one. Meiosis II is an equational division or maturation division, because each chromosome still consists of two chromatids, which must be divided into daughter cells to produce the final haploid state.

4.
Nondisjunction in either meiosis I or meiosis II leads to cells that have an added chromosome or that miss a chromosome. Both copies of the chromosome/chromatids move to one pole during anaphase, leaving one daughter cell with one extra copy and the other daughter cell lacking a copy. Both daughter cells then have an imbalance with respect to the normal gene complement. Too many copies of a set of genes can cause abnormalities, such as Down syndrome. The absence of the entire set of genes from the missing chromosome is usually fatal. The inactive-X normally present in female mammals, which balances gene expression with that of XY individuals, illustrates the need for proportionality.

Applying Ideas

1.
The gibbon would have 22 chromosomes in each gamete, and the siamang would have 25. Each somatic cell of the offspring would have 47 chromosomes. The offspring should be sterile because it has an unbalanced set of chromosomes, so not all would have a homolog to pair with in meiosis prophase I. This is comparable to the case of mating a donkey with a horse to get a mule.

2.
In this case there are eight different combinations of chromosomes, and two out of eight should have all from one parent—one all from maternal only and one all from paternal only. The rest would be the combinations of maternal and paternal. Of the 8 possible combinations 32 gametes would be produced. Of these, 4 would have only paternal chromosomes. So, there would be a 1 in 8 chance.

3.
Conclusions include the following:

a.
Most of the cases that can be analyzed were from Down syndrome.

b.
Most trisomies are from nondisjunction in female meiosis.

c.
For trisomy 21, paternal nondisjunction occurs most often in meiosis II, whereas maternal nondisjunction occurs most often in meiosis I.

d.
For most of the other trisomies, it was unknown whether nondisjunction occurred in meiosis I or II.

Note: Trisomy 21 is a nondisjunction of the smallest human chromosome, which has fewer genes than the others, and may account for why this trisomy allows a greater survival rate than the others. The data do not indicate if nondisjunctions occur for chromosomes not shown in the table. Only those that allow survival of the fetus to a certain point of development can be studied. 
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