' THlNK AEUUT IT As geneticists in the early 1900s applied Mendel’s
: principles, they \.Nondel'ed where genes might be located. They expected
genes 10 be carried on structures inside the cell, but which structures?

What cellular processes could account for segregation and indepen-
dent assortment, as Mendel had described?

Chron  some Number
€= How many sets of genes are found in most adult organisms?

To hold true, Mendel’s principles require at least two events to occur.
First, an organism with two parents must inherit a single copy of every
gene from each parent. Second, when that organism produces gametes,
those two sets of genes must be separated so that each gamete contains
just one set of genes. As it turns out, chromosomes—those strands of
DNA and protein inside the cell nucleus—are the carriers of genes.
The genes are located in specific positions on chromosomes.

Diploid Cells Consider the fruit fly that Morgan used, Drosophila.
Abody cell in an adult fruit fly has eight chromosomes, as shown in
Figure 11-14. Four of the chromosomes comé from its male parent,
and four come from its female parent. These two sets of chromosomes
arc homologous (hoh MAHL uh gus), meaning that each of the four
chromosomes from the male parent has a corresponding chromosome
from the female parent. A cell that contains both sets of homologous
chromosomes is said to be diploid, meaning “two sets.” The
diploid cells of most adult organisms contain two complete sets of
inherited chromosomes and two complete sets of genes. The diploid
number of chromosomes is sometimes represented by the sympol 2N.
Thus, for Drosophila, the diploid number is 8, which can be written as
2N = 8, where N represents the single set of chromosomes found in a

sperm or egg cell.

H"Ploid Cells Some cells contain only a single set of chromosemes,
haploid, meaning

and therefore a single set of genes. Such cell‘s are . mean®
<<0ne set” The gam etes of sexually reproducmg Orgamsms, nclu 111%
fruit flies and peas, are haploid. For Drosophila gametes, the haploi

number is 4, which can be written as N=4.
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Key Questions

How many sefs of genes are
found in most adult organisms?

What events occur during
each phase of meiosis?

= How is meiosis different
from mitosis?

How can two alleles
from different genes be inherited
together?

Vocabulary

homologous e diploid e
haploid e meiosis o tetrad e
crossing-over e zygote

Taking Notes

Compare/Contrast Table Before
you read, make a compare/
contrast table to show the
differences between mitosis and
meiosis. As you read, comple’re
the table.

I
/§

FIGURE 11-14 Fruit Fly Chromosomes
These chromosomes are from a fruit

fly. Each of the fruit fly’s body cells is
diploid, containing eight chromosomes.
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. £ Melosis

Cf,} what events occur during each phases

of meiosis?
How are haploi

tinloid (2ZN) cel

damp

d (N) gamete cells produced frop,
js? That’s where meiosis (my oy i
comes in. Meiosis is a process in Whlch the num.
L—r of chromosomes per cell is cut in halfthmugh
the separation of homologous chromosom?s ing
divloid cell. Metos1s usually 1nvol\.re5.tW0 distinct
di;zsia}ns, called meiosis and meiosis IL. By the epq

¢ meiosis 11, the diploid cell becomes four haploig
01 MELUsLS > ) .
. how meiosis takes place in a cell thyt

»)ls. Let’s see

ce
has a diploid number of 4 2N =4).
eiosic | Just prior to meiosis I, the cell under-

soes a round of ciromosome replication during

interphase. As in mitosis, which was discussed in
Chapter 10, each replicated chromosome consists
of two identical chromatids joined at the center.

Follow the sequence in Figure 11-15 as you read

about meiosis .

B Prophase I After interphase I, the cell begins

to divide, and the chromosomes pair up. In
prophase I of meiosis, each replicated chromosome
pairs with its corresponding homologous
chromosome. This pairing forms a structure
called a tetrad, which contains four chromatids. As
the homologous chromosomes form tetrads, they
undergo a process called crossing-over. First, the
chromatids of the homologous chromosomes cross
over one another. Then, the crossed sections of the
chromatids—which contain alleles—are exchanged.

Crossing-over therefore produces new combinations
of alleles in the cell.

> Metaphase I and Anaphase I As prophase [
S’ a Sp}ndle forms and attaches to each tetrad.
hom(l))l::r:)ng metaphase I of meiosis, paired
homol 0? t}l:s chromosomes line up across the
the homol e cell. A:S' the cell moves into anaphase L
Duri 080Us pairs of chromosomes separate:
uring anaphase I, spindle fibers pull each

hom()l()golls Ch ) :
ends of the cell,mmosome pair toward opposﬁe

> T
2 Coerlgpﬁctlse Iand Cytokinesis When anaphase I
Plete, the Separated chromosomes cluster 2t

o .
tgl());i:fles erlld-s of the cell, The next phase i
€1, 1n which 4 nuclear membrane for ms‘

aro
ou‘;:d each cluster of chromosomes. Cytokiﬂe”s
s telophase I fOI‘ming two new cells.
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Meiosis I results in two cells, called daughter
cells. However, because each pair of homologous
chromosomes was separated, neither daughter
cell has the two complete sets of chromosomes
that it would have in a diploid cell. Those two
sets have been shuffled and sorted almost like
a deck of cards. The two cells produced by
meiosis I have sets of chromosomes and alleles
that are different from each other and from the
diploid cell that entered meiosis 1.

Meiosis it The two cells now enter a second mei-
otic division. Unlike the first division, neither cell
goes throug!: a round of chromosome replication
before entering meiosis II.

» Prophase i As the cells enter prophase II,
their chroizosomes—each consisting of two
chromatids—become visible. The chromo-
somes do nct pair to form tetrads, because the
homologotis pairs were already separated during
meiosis 1.

» Metaphase I1, Anaphase II, Telophase II, and
Cytokinesis During metaphase of meiosis I1,
chromosomes line up in the center of each cell.
As the cell enters anaphase, the paired chromatids
separate. The final four phases of meiosis IT
are similar to those in meiosis I. However, the
result is four haploid daughter cells. In the
example shown here, each of the four daughter
cells produced in meiosis II receive two chromo-
somes. These four daughter cells now contain the
haploid number (N)—just two chromosomes each.

Gametes to Zygotes The haploid cells pro-
duced by meiosis II are the gametes that are so
important to heredity. In male animals, these
gametes are called sperm. In some plants, pol-
len grains contain haploid sperm cells. In female
animals, generally only one of the cells produced
by meiosis is involved in reproduction. The female
gamete is called an egg in animals and an egg
cell in some plants. After it is fertilized, the egg is
called a zygote (zy goht). The zygote undergoes
cell division by mitosis and eventually forms a
new organism.

In Your Notebook Describe the difference
etween meiosis | and meiosis Il. How are the end
results differente

FIGURE 11-16 Meiosis Il The second meiotic division,
called meiosis Il, produces four haploid daughter cells.
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Comparing Meiosis and Mitosis

= How is meiosis different from mitosis?

The words mitosis and meiosis may sound similar, but the two pro-
cesses are very different, as you can see in Figure 11-17. Mitosis can
be a form of asexual reproduction, whereas meiosis is an early step in
sexual reproduction. There are three other ways in which these two
processes differ.

Replicution and Separation of Genetic Material Mitosis and
meioais are both preceded by a complete copying, or replication,

of the senetic material of chromosomes. However, the next steps
differ dramatically. In mitosis, when the two sets of genetic
material separate, each daughter cell receives one complete set of
chromosomes. In meiosis, homologous chromosomes line up and
then nove to separate daughter cells. As a result, the two alleles for
cach ccne are segregated, and end up in different cells. The sorting
ccombination of genes in meiosis result in a greater variety of
~le gene combinations than could result from mitosis.

and
POS

Changes in Chromosome Number Mitosis does not normally
change the chromosome number of the original cell. This is not the
case for meiosis, which reduces the chromosome number by half.

A diploid cell that enters mitosis with eight chromosomes will divide
to produce two diploid daughter cells, each of which also has eight
chromosomes. On the other hand, a diploid cell that enters meiosis
with eight chromosomes will pass through two meiotic divisions to

produce four haploid gamete cells, each with only four chromosomes.
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Calculating Haploid and

Trait Survey

Diploid Numbers - Organism 4Hap|oid Number i Diploid Numbe( ]
Amoeba N=25 { |

Haploid and diploid numbers are ’”"cjhampqn‘zgg“"""“‘””"‘ T Ne24

designated by the algebraic nota- " Earthworm N=18

tions N and 2N, respectively. Either U Ferm o 2N=1010

number can be calculated when the T N=22

other is known. For example, if the Homan N

haploid number (N) is 3, the diploid P IN=16

number (2N) is 2 x 3, or 6. If the
diploid number (2N) is 12, the hap-
loid number (N) is 12/2, or 6.

The table shows haploid or
diploid numbers of a variety of
organisms. Copy the table into your
notebook and complete it. Then, use
the table to answer the questions
that follow.

onion plants? EUEIEH

2. Interpret Data In the table, which organisms’ diploid num-
bers are closest to that of a human?

3. Apply Concepts Why is a diploid number always even?

4. Evaluate Which organism’s haploid and diploid numbers do
you find the most surprising? Why?
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FIGURE 11-18 Gene Map This
gene map shows the location of a
variety of genes on chromosome 2

of the fruit fly. The genes are named
after the problems that abnormal
alleles cause, not after the normal
structures. Interpret Graphics Where
on the chromosome is the “purple
eye” gene located?

Exact location on chromosome
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How can two alieles from different genes be inherited togethe,»

If you think carefully about Mendel’s prina}?l; Olf)lfiﬁepezdeg[ assort-
ment in relation to meiosis, one question might bo nytlu : beneS o
are located on different chromosomes assort indepen :en Y Ut’What
genes that are located on the same chromosome? Wouldn't they

Number of Cell Divisio
in the production of two 1

about
generally be inherited together?

Gene Linkage The answer to this question, as Thomas Hunt |
Morgan first realized in 1910, is yes. Morgans Feseal.fch‘ on fruit flies
led him to the principle of gene linkage. After identifying more than
50 Drosophila genes, Morgan discovered that many of them appeared
to be “linked” together in ways that, at first glance, seemed to violate
the principle of independent assortment. For example, Morgan used
a fly with reddish-orange eyes and miniature wings in a series of test
crosses. His results showed that the genes for those two traits were
almost always inherited together. Only rarely did the genes separate
from each other. Morgan and his associates observed so many genes
that were inherited together that, before long, they could group all of
the fly’s genes into four linkage groups. The linkage groups assorted
independently, but all of the genes in one group were inherited

together. As it turns out, Drosophila has four linkage groups and four
pairs of chromosomes.

Chromosome 2

Aristaless (no bristles on antenna) —0
Star eye

Dumpy wing — 10
Dachs (short legs) e

Black body ﬁ X
Reduced brim — 40

PUI’pIe eye —_— Y — 50

Light eye —  H*e0

328 Chapter 11 * Lesson 4

Vesﬁgiql (sm || H \_/ — 70
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Morgan's findings led to two remarkable conclusions. First, each

(hromosome is actually a group of linked genes. Second. Mesn,deall’C
inciple of independent assortment still holds trye. Itis t’he ch m
comes, however that assort independently, not individual enromo-
Alleles of different genes tend to be inherited toget}gler (Z

one generation to the next when those genes are located on th(::m
came chromosome.

How did lendel manage to miss gene linkage? By luck, or design
several of the genes he studied are on different chromosom;s Othegrs,
are so far apart that they also assort independently. |

Gene Map17a In 1911, a Columbia University student was working
part time in Aot ggn’s lab. This student, Alfred Sturtevant, wondered

if the frequency of crossing-over between genes during meiosis might
be a clue to t':c genes’ locations. Sturtevant reasoned that the farther
apart two genes were on a chromosome, the more likely it would be
that crossing -«ver would occur between them. If two genes are close
together, then crossovers between them should be rare. If two genes

are far apart. th:en crossovers between them should be more common.
By this reasoning, he could use the frequency of crossing-over between
genes to determine their distances from each other.

Sturtevant gathered up several notebooks of lab data and took them
back to his room. The next morning, he presented Morgan with a gene
map showing the relative locations of each known gene on one of the
Drosophila chromosomes. Sturtevant’s method has been used to con-
struct gene maps, like the one in Figure 11-18, ever since this discovery.

Review Key Concepts

1. a. Review Describe the main results of meiosis.
b. Calculate In human cells, 2N = 46. How many chromosomes
would you expect to find in a sperm cell? How many would you

expect to find in an egg cell? HULY il o
2. 0. Review Write a summary of each phase of meiosis.

b. Use Andlogies Compare the chromosomes of a diploid cell

to a collection of shoes in a closet. How are they similar? What
able to the chromo-

would make the shoe collection compar
somes of a haploid cell?

3. a. Review What are the pr
and meiosis? . hro-
b. Apply Concepts Is there any difference betwie;:l 51ls t?; chre
matids and homologous pairs of chromosomes¢ Explain.

4, a. Review How does the principle of independent assortment

apply to chromosomes?

incipal differences between mitosis

MYSTERY

(.
White is the least '
common color
found in para-
keets. What does
this fact suggest about
the genotypes of both
green parents?

ot

b. Infer If two genes are
on the same chromosome
but usually assort inde-
pendently, what does that
tell you about how close
together they are?

Apply the Bigjidea

Information and Heredity

5. In asexual reproduction,
mitosis occurs but meiosis
does not occur. Which type
of reproduction—sexual or
asexual—results in oft-
spring with greater genetic
variation? Explain your
answer.
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