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Me|05|s

«gNorth Garolina Ohjectives Dhjeclwe 3.02 Compare and contrast the characterlstics of asexual and
sexual reproduction.

D Before You Read

In this section you will read about a particular type of cell division, meiosis, that creates many gene
combinations. Genes determine the individual traits of all living things. On the lines below, list three
different traits or characteristics that you can see in a rose. | ‘ '

D Read to Learn
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Genes, Chromosomes, and Numbers

All living things have thousands of genes. Genes determine
individual traits. The genes do not just float around in a cell.
They are lined up on chromosomes. A typical chromosome can
have thousands of genes.

If you took a cell from one of Mendel’s pea plants, you would
see that it has 14 chromosomes, or seven pairs. In the body cells of
most living things, chromosomes come in pairs. One of the chro-
mosomes in each pair comes from the male parent. The other chro-
mosome comes from the female parent. A cell that has two of each
kind of chromosome is called a diploid cell. Using microscopes,
scientists can now see the paired chromosomes and know that an
allele for each trait is located on each paired chromosome. &

PRGEEIEY Identify Facts
Use one color to highlight
each fact about diploid cells.
Use another color to highlight
each fact about haploid celis.

1. What do you call a cell
with two of each kind of

chromosome? How are diploid cells different from haploid celis?

A diploid cell is a body cell. Organists also produce a different
kind of cell called a haploid cell. This cell contains only one of
each kind of chromosome. A gamete, or sex cell, is a haploid cell.
Remember, Mendel concluded that parents give one allele of
each trait to their offspring. That happens because the gamete
is a haploid cell containing half the number of chromosomes as
a body cell. ¢

Every living thing has a set number of chromosomes. For
example, every dog has 78 chromosomes, every human has 46
chromosomes, and every tomato plant has 24 chromosomes. As
you can see, the number of chromosomes is not related to how
complex an organism is. When the organism reproduces, it only

J Reading Check

2, What do you call a cell
with one of each kind of
chromosome?
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Meiosis, continued

passes on half the number of chiomosomes. Earlier in this section
you learned that genes are lined-up on a chromosome. In a diploid:
cell the two chromosomes of each pair are called homologous
(hoh MAH luh gus) chromosomes. Each chromosome of the -
pair has genes for the same-traits in the same order.

Because there are different alleles for the same gene; it is
possible that two:chromosomes of a-homologous pair will'not be
identical to-each other. For example, garden peas have 14 chro- -
mosomes, or seven pairs. The pairs are numbered 1 through 7.
Chromosome 4 has genes for three of the traits Mendel studledl
Every pea-plant has two copies of chromosome 4, one from. cach
parent.. Chromosome 4 contains the allele for height. As youknow:
from the previous section, it is possible for.one chromosome to -
contain 7 (tall), and the other chromosome to contain ¢ (short).”
The two chromosomes ina homologous pair ‘might not be 1dent1cal .

How does a dlplord cell become a haploud .cell?

How'can an organism pass on half its chromosomes? Tt does SO
in a process of cell division called meiosis. Meiosis (mi OH sus)
produces gametes cohtaining half the number of chromosomes as
the parent’s body cell. @ 7 oo e

Meiosis is actually two separate divisions. The first division is -
meiosis I, and the second is meiosis II. The whole process begins
with one diploid celf and ends with four haploid cells. The haploid
cells are gametes, or sex cells. Male gametes-are called sperm.
Female gametes are called eggs. When a sperm unites with, or*
fertilizes an egg, the resulting zygote has a diploid number of
chromosomes. Then, using mitosis, which you studied earlier, the.
zygote becomes ‘a multicellular organism. This way of reproduc-
1ng, which involves producing and then umtmg hap101d sex cells, -
is called sexual reproduction. . : R

The Phases
of Memsus

Before meiosis beglns the
chromosomes in 4 cell are
replicated, or copied. Each
chromosome consists of two
sister chromatids connected
by a centromere. A cell in
prophase I of meiosis acts
similarly to a cell in prophase
of mitosis. The DNA of the
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JReading Check

3. Whét does meiosis
produce?

Anaphase |

Anaphase i

Telophase |

Tefophase If
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Meiosis, continved

JReadi'ng Check

4, What happens during
crossing over?

Chapter 10
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chromosomes-coils up and a spindle forms. ‘T'he chromosomes .
pair'up with their homologous chromosomes near the middleof
the cell. This pairing brings the two chromatids of each.chromo- -
some-close together, making what is called atetrad. The homolo-:
gous chromosomes: pair-so tightly that sometimes.a pieceof 2
chromatid can break off. The:piece’ changes places with a piece of
the chroihatid from the ‘other’ homologous chromosome of the |

- tetrad. This exchange is called crossing over. Crossing: over can.

occur at-several places at the sameé time. ¢ - . . . o
During meétaphase I of meiosis, the. centromere: of each chro—
mosome becomes-attached to the:spindle fiber, The spindle; fibers:

pull the chromosomés into the center of the cell. ‘The spindle. -

- lines up the tetrads. If the cell-were a globe, it would be as if one- .

pair of sister chromatids were lying horizontally-above the equa-
tor, and the other set of sister chromatids were.lying horizontally’
below the equator, Let’s stick with our globe illustration. Durmg
anaphase I thé chromosomies begin to:move apart from each -

. other. It is as ifithe chromosomes above the equator move. to the

North Pole, and the chromosomes below the equator.move to the
South Pole. During telophase I of meiosis, the spindle is broken .

~ down and the chromosomes uncoil. The cytoplasm d1v1des into .

two new cells.

. How are, haplmd ceIIs formed.‘

Eachcell has half the genetic information . that the orlgmal céll
had because it has only one chfomoesome from each homologous °
pair. But rémember that-the: chromosomés-copied themselves at

: the'beginning. of the process. The new cells are going to have to:

divide in-order to create haploid cells.'This second. division is- , -
called meiosis IT: During prophase II, a spindle forms in each of -
the new cells. The spindle fibers attach to the centromeres.of the
chromosomes. The chromosomes, still made up of sister chro-
matids, are pulled to the center of the cell where they lin¢ up rap-

- domly during: metaphase IL. Apaphase IT begins as the centromere

of each chromosome, splits. Thls allows the sister chromatids to

separate and move to opposite poles of the cell. Nuclei re- form,

the'spindle breaks down, and the cytoplasm divides. during . -

telophase II. There are four haploid cells, each cell contammg

one chromosome from each homologous pair. ‘These haploid cells.

betome gametes, passmg on the genes they contain to offsprlng -
‘The events of meiosis II are the same as thosé you studled

for mitosis; except the chr omosomes do not rephcate before
‘theyd1v1de TR R T R
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_be helpful. Often the flowers and fruits are larger, and the plant is

"Gene Lmkage and Maps
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MelosIs, continued

Meiosis Provides for Genetic Variation

As you can see, the cell division that happens during meiosis
creates many possible gene combinations. When crossing over
occurs, even more variations are poss1ble ‘The reassortmeént of
genetic information that occurs during meiosis is called genetlc‘
recombmatlon. It is a major, soutce of variation among organ-
isms. Meiosis also prov1des the phys1cal basis for explammg -
Mendel’s results. Mendels laws and me1051s prowde the founda—" :

tion for heredity:. -

'-.............-u--..---u................u-.-‘...'...-u_......‘..‘g....;_...-_..uu'.-.-.-..-j--b..........-.c..

Nondlswnctlon

Me1031s usually happens w1thout any lproblems, biit sotnétitnes
chromosomes do not separate correctly. When this happens, the .
gametes that form will either have too many chromosomes ornot
enough chromosomes. The failure of chromosomes to separate
correctly isicalled nondisjunction. @ . - .

An orgamsm with extra chromosomes may survwe, but an
organism that is missing one or more chromosomes does not usu-
ally develop. Surprisingly, in plants, extra chromosomes can actually

healthier. Because of this, plant breeders have learned to cause
nondisjunction by using chemigals. ... e b0 e

Genes on the same chromosome are usually hnked and inher- *
ited together instead of Independently It is. the'chromosomes: that
follow Mendel’s law of 1ndependent assortment, not the genes,
Linked genes can separate as a'result of crossing over. Scientists
have found that genes that'are farther apart on a chromosome
tend to cross over more often than genes that are close together g
Using this information, scientists can make chromosome maps ‘
that show the sequence of genes on a chromosome. .

.
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5 How does meiosis prowde
for genetlc varlat|on7

6 What is nondISJunctlon'?
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) After You Read
Mini Glossary

crossmg over: pleces of homologous chromo-‘
somas change places during prophase | of
meijosis; results in new allele comblnatlons

1;

- on a chromosome
diploid: cell with two of each kind of chromosome'

egy: haplold female sex cell produced by meiosis

genetic Vrecomblnatlonk. reassortment of genetic
’ information during meiosis that creates
many possible gene combijnations

haploid cell with one of each kind of chromosome:

homologous {hoh MAH luh gus) chromosome: .-
~each chromosome pair contains genes for
the same traits arranged in the same order

-..........-......-................'..._-...... -

\

m,eiosls (ml OH sus) type of ceII dIVISIon where
one specialized body cell produces four
' gametes, each’ contammg half the number
of chromosomes asa parent s body cell

"nondts;unctlon failure of homologous chromo—

“ somes to separate correctly during meiosis;
results in'gametes with 100 many or teo few
chromosomes

sexual reproduction: pattern of reproductiof
that involves producing and subsequent
. -uniting .of haploid sex cells

sperm: haploid male sex cell produced by meiosis

T
A

1. Review the terms and their deﬁnltlons in the Mini Glossary above Then list the four terms

that have to do with genetlc variation on’ the llnes below F o

i R R

2. Fill in the boxes below explaining how each of the topics relates to meiosis.

i

Meiosis T
l . o . ;;f N ‘J
Genetic Variation B, |+ Mendel's Results :Sexual,
.Reproduction

¢ R T

Nondisjunction

Chapter 10

Cell Division
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Meiosis, continu_ed

3. In colurnn 1 are some new concepts you learned about in thlS section. Column 2 gives one
- example of each concept. Put the letter of the example on the line next to the concept that
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. riondis’;j@nctioh

. Mendel’s results

it matches. . o

New Concept | Example

. meiosis LA explamed by the dlstrlbut|on of chromosomes

_ durang meiosis - T R
.7 s . bi exchangé of genetic material

. crossing over <. one diploid cell produces four haploid cells

d. the failure of chromosomes to separate properly
during meiosis

Visit the Glencoe Science Web site at science.glencoe.com
to find your biology book and learn more about meiosis.




