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: Meiosis . :
| cells &€ made during meiosis (mie OH sis),
l 5.;,i psis is copying process that produces cells
" half the usual number of chromosomes.
\?lch sex cell receives one-half of each homolo-
:)us pair. For example, a human egg cell has 23
Emomosomes, and a sperm cell has 23 chromo-
‘ omes: The new ce.Il. that forms when an egg cell
ﬁnd 2 sperm cell join has 46 chromosomes.
pecause the genes of the parents are sorted
| recombined randomly in the offspring, the
offspring is different fr_qm the parents. If the same
Jents have more offspring, the genes will be
corted again, and these offspring will be different
from each other as well as from the parents.
# Reading 458 How many chromosomes does a
puman egg cell have? (See the Appendix for answers to
Reading Checks.)

cenes and Chromosomes

What does all of this have to do with the loca-
| tion of genes? Not long after Mendel’s work was
rediscovered, a graduate student named Walter
utton made an important observation. Sutton
was studying sperm cells in grasshoppers. Sutton
knew of Mendel'’s studies, which showed that the
egg and sperm must each contribute the same
amount of information to the offspring. That
was the only way the 3:1 ratio found in the
second generation could be explained. Sutton
dso knew from his own studies that although
tggs and sperm were different, they did have
‘omething in common: Their chromosomes Were
located inside a nucleus. Using his observations
of meiosis, his understanding of Mendel’s work,
ind some creative thinking, Sutton proposed
mething very important:

- .

Genes are located on chromosomes!

Und’erstandin meiosis was critical to finding
) tlocation of genes. Before you learn about mei-
IS, review mitosis, shown in Figure 2. Meiosis is

“tined in Figure 3 on the next two pages.

[ Figure 2 JUITHE Revisited . _

@ Each chromosome
is copied.

@) The chromo-
somes thicken
and shorten. Each
chromosome con-
sists of two identi-
cal copies, called
chromatids.

. h The nuclear mem-
brane dissolves.
The chromatids

. line up along the

y equator (center)
of the cell.

The chromatids
pull apart.

© The nuclear
membrane forms
around the sepa-
rated chromatids.
The chromosomes
unwind, and the
cell divides.

@ The result is two
identical copies of
the original cell.
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The Steps of Meiosis

i During mitosis, chromosomes are copied once, ang the,
I nucleus divides once. During meiosis, chromosomes are C‘ t.h‘
il once, and then the nucleus divides twice, The resulting :’I‘led
', AR and eggs have half the number of chromosomes of a\n'o e
| l body cell. Figure 3 shows albeight steps of meiosis. Reag alT)mal
‘ each step as you look at the figure. Different typeg of “\fwt
things have different numbers of chromosomes, I this m‘“
| tration, only four chromosomes are shown. T

\ ' (B Re 224 How many cells are made from one parent gy
t

i during meiosis?

m Steps of Meiosis

Rea.d.abou't each step as you look at the diagram. Different types
of living things have different numbers of chromosomes. In this
diagram, only four chromosomes are shown.

o Rt
S ———
e

One pair of Two
homologous chromatids

The chromosomes selpa.' H
= rate from their homo®

chromosomes and then
: Each chromosome is ng:vseptirtg;;site ends
il : now made up of two f the cell
Before meiosis begins, the identical chromatids, i :
chromosomes are in similar chromosomes pair
a threadlike form. Each with one another, and
chromosome makes an the paired homol'ogous
exact copy of itself, forming chromosomes [ine up at
two halves called chroma- the equator of the cel|
tids. The chromosomes then :
thicken and shorten into a
form that is visible under
a microscope. The nuclear
membrane disappears.

i




Each cell contains one member
of each homologous chromo-
some pair. The chromosomes

are not copied again between
mes
the two cell divis; s
sions. then line up at
the equator of

each cell. h

The nuclear membrane
re-forms, and the cell
divides. The paired
chromatids are still

joined.

The result is that four new cells
have formed from the original single
cell. Each new cell has half the
number of chromosomes present in
the original cell.
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‘ ‘l ) - -
nlgR ,‘ CT:V:T: Meiosis and Mendel
‘J—‘ILNET A&I!yﬂy As Walter Sutton figured out, the steps in Meiosjs o

For another activity related . Mendel’s results. Figure 4 ShO.WS wh‘at happens +, ; p)f'.'“i:q.
tg(::.tll:;i‘,c::'l:‘tzr, go to ” homologous chromosomes during m("IOSIS and fertj)j, att; dlf |
keywor;i HLSJERt‘Lpe i | cross shown is between a plant that }s true breeding fOrr'.“hl
=l ) seeds and a plant that is true breeding for wrinkjeg se.qu”’#
Fach fertilized egg in the first generation haq Onews'

nant allele and one recessive allele for seed shape. On Om,,’
| genotype was possible because all sperm formed by they o
4 parent during meiosis had the wrinkled-seed alle]e, i My

M
| the female parent’s eggs had the round-seed allele, MeiOsz“ i

helped explain other inherited characteristics. ly
|‘
I\ = » -
Meiosis and Dominance

|

‘: Male Parent In the plant-cell Female Parent In the Plant-ce|

‘; nucleus below, each homologous nucleus below, each homologg

3 chromosome has an allele for chromosome has an allgle fo
seed shape, and each allele carries seed shape, and each allele Carrigg
the same instructions: to make the same instructions: to make
wrinkled seeds. round seeds.

| Wrinkled-seed Round-seed
‘ alleles (rr) alleles (RR)
=
© Following meiosis, Meiosis Meiosis
? each sperm cell has
a recessive allele for
: wrinkled seeds, and l Sperm cell nucleus Egg cell nucleus l

(O Fertilization of any

each egg cell has a
| dominant allele for
round seeds. \
:
Wrinkled-seed \ I Round-seed
allele (r) allele (R)
egg by any sperm
results in the same

genotype (Rr) and Wrinkled-seed allele (r)
the same phenotype .

(round). This result is
exactly what Mendel

found in his studies.

Round-seed allele (R)

First generation
(Rr)
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: chromosomes
e

W,naﬁon C(?ntamcd. on chromosomes deter-
ines many Of o‘ur traits. Sex chromosomes carry
i s that determine sex. In humans, females have
S‘\',‘:) K chromosomes. But human males have one
:mmnwmm? apd one Y Achrorm')mme.

puring MeIosis, one of each of the chromo-

e -

pairs ends up in a sex cell. Females have
wo X chromosomes in each body cell. When
mciosis produces the egg cells, each egg gets one X
L—hrom(m(‘)me. Males ha?'v both an X chromosome
jnd @ Y ChIOII]()S(')m'L’ In each body cell. Meiosis
Pmduca)s sperm with either an X or a Y chromo-
some. An ng fertilized I)\ a sperm with an X 2 T
chromOsOME will produce a female. If the sperm

ins a Y chromosome, the offspring will be

as shown in Figure 5.

50_1]10

conta
male,

sex-Linked Diso
The Y chromosome does not carry all of the genes of an X 1g and Sf

chromosome. Femals we two X chromosomes, so they carry : s

two copies of each g found on the X chromosome. This i

makes a backup gene available if one becomes damaged. Males

have only one copy oi n gene on their one X chromosome,

The genes for certain disorders, such as colorblindness, are car-

ried on the X chromosome. These disorders are called sex-linked

disorders. Because the gene for such disorders is recessive, men sex chromoso

are more likely to have sex-linked disorders, of chromo: o s
sex of an indivigua

People who are colorblind can have trouble distinguish-
ing between shades of red and green. To help the colorblind,
some cities have added shapes to their street lights, as shown
in Figure 6. Hemophilia (Hee moh FIL ee uh) is another sex-
linked disorder, Hemophilia prevents blood from clotting, and
people with hemophilia bleed for a long time after small cuts.
Hemophilia can be fatal.

Figure 6 This stoplight in Canada is designed to help
the colorblind see signals easily. This photograph was
taken over a few minutes to show all three shapes.
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m Pedigree for a Recessive Disease _

Males Females

.T Vertical lines connect
| & children to their parents.

Mor® A solid square or circle
indicates that the person
has a certain trait.

A ora A half-filled square or
circle indicates that the
person is a carrier of
the trait.

pedigree a diagram that shows the
occurrence of a genetic trait in sev-
eral generations of a family

Figure 8 Roses have been
selectively bred to create large,
bright flowers.
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Genetic Counseling

Hemophilia and other genetic disorders can be traced through
a family tree. If people are worried that they might pass ;
disease to their children, they may consult a genetic coyy.
selor. These counselors often make use of a diagram knowy
as a pedigree, which is a tool for tracing a trait through gen.
erations of a family. By making a pedigree, a counselor can
often predict whether a person is a carrier of a hereditazy
disease. The pedigree shown in Figure 7 traces a disease called
cystic fibrosis (SIS tik FIE broh sis). Cystic fibrosis causes serious
lung problems. People with this disease have inherited two
recessive alleles. Both parents need to be carriers of the gene
for the disease to show up in their children.

Pedigrees can be drawn up to trace any trait through a
family tree. You could even draw a pedigree that would show
how you inherited your hair color. Many different pedigrees
could be drawn for a typical family.

Selective Breeding

For thousands of years, humans have seen the benefits of the
careful breeding of plants and animals. In selective breeding
organisms with desirable characteristics are mated. You hatt
probably enjoyed the benefits of selective breeding, althoush
you may not have realized it. For example, you have probably
caten an egg from a chicken that was bred to produce mor¢
eggs. Your pet dog may be a result of selective breeding. RO
like the one shown in Figure 8, have been selectively bred
produce large flowers. Wild roses are much smaller and ho'
fewer petals than roses that vou could buy at a nursery-




n mitosis, chromosomgs_are copied once,
annd then the nucleus divides once. In
meiosis, chromosomes are copied once,
and then the nucleus divides twice.

The process of meiosis produces sex cells,
which have half the number of chromo.-
somes. These two halves combine during

Using Key Terms

In each of the following sentences, re

bank.
pedigree homologous chromosomes
mejosis ‘mitosis

I. During fertilization, chromosomes are copied,

and then the nucleus divides twice.

L A Punnett square is used to show how inherited

traits move through a family.

s
3. During meiosis, sex
of the cell,

u"derstandigg_ Key Ideas
% Genes are found on

4. chromosomes,

b. proteins.

C alleles,

d. sex cells,

€l of a peg plant?
1 D“‘W ‘

chromosome, and show its position in
’ Wl'm alleles

1d that is born with cystic fibrosis?

place the
incorrect term with the correct term from the word

cells line up in the middle

he eight steps of meiosis. Label one

must be present in the parents of a

®n humans, females have two X chromo-
SOmes. So, each egg contains one X
chromosome. Males have both an X and
a Y chromosome. So, each sperm cell con-
tains either an X or a Y chromosome.

® Sex-linked disorders occur in ma!es more
often than in females, Colorblindness and

hemophilia are examples of sex-linked
disorders.

A pedigree is a diagram used to trace a :
trait through many generations of a family.

Use this pedigree to answer the

- tHion below
question beloy

8. Is this disorder sex linked? Expl

ain your
reasoning.

Critical Thinking

9. Identifying Relationshj
in order of smallest to |a
gene, and cell.

10. Applying Conce
flowers. What al|
sex cells carry?

"Zings,

Nat

Ps Put the following
rgest: chromosome,

Pts A pea pl
eles for flow

ant has purple
€r color could the

1romosomes in pea plant cells,
°W Many chromosomes are present in a sex
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