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| :  How Tall Is Tall? | '
e 1. Choose a partner. Measure each Think It Over :
| gl e infering f Gregor Mende had
= - graphed the heights of his pea
: measurements on the chalkboard. plants, the graph would have had
o 2. Create a bar graph showing two bars—one for tall stems and
e the number of students at each one for short stems. Do you think
: height. Plot the heights on the height in humans is controlled b
: horizontal axis and the number of a single gene, as it is in peas?
e students on the vertical axis. Explain your answer.
| GUIDE FOR READING ave you ever heard someone say “He’s the spitting image of |
E B ' ! his dad” or “She has her mother’s eyes”? Children often
Sho{v‘?];fg";evgzg‘t;r:)}ra'ts resemble their parents. The reason for this is that alleles -
’ phenotypes? for eye color, hair color, and thousands of other traits are passed -
' ® Why are some sex-linked from parents to their children. People inherit some alleles from 4
'_LL :gr“smm?;; Snon inmales  their mother and some from their father. This is why most people |
. i geneﬁc'ists . look a little like their mother and a little like their father. :
i
{ f pedigrees? . .
Reading Tip Before youread, ~ 17aits Controlled by Single Genes
i ;g“;f“e thi headi!l;lgs in “f:ist In Chapter 3, you learned that many traits in peas and other
quce;?i';::_ A‘;";owu r’;:é i organisms are controlled by a single gene with two alleles. Often

answers to the questions. one allele is dominant, while the other is recessive. Many human
traits are also controlled by a single gene with one dominant
allele and one recessive allele. As with tall and short pea plants,
these human traits have two distinctly different phenotypes, or
physical appearances.

For example, a widow’s peak is a hairline that comes to a
point in the middle of the forehead. The allele for a widow’s peak
is dominant over the allele for a straight hairline. The Punnett
square in Figure 1 illustrates a cross between two parents who
are heterozygous for a widow’s peak. Trace the possible combi-
nations of alleles that a child may inherit. Notice that each child
has a3 in 4, or 75 percent, probability of having a widow’s peak.
There is only a 1 in 4, or 25 percent, probability that a child will
have a straight hairline. Recall from Chapter 3 that when Mendel
crossed peas that were heterozygous for a trait, he obtained sim-
ilar percentages in the offspring.
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Figure 1 This Punnett square
shows a cross between two
parents with widow's peaks.
Interpreting Diagrams What
are the possible genotypes of
the offspring? What percent of
the offspring will have each
genotype?

Do you have dimples when you smile? If so, then you have the
Jominant allele for this trait. Like having a widow’s peak, having
wmile dimples is controlled by a single gene. People who have two
|ecessive alleles do not have smile dimples.

winltiple Alleles
wome human traits are controlled by a single gene that has more
1 two alleles. Such a gene is said to have multiple alleles—three
o more forms of a gene that code for a single trait. You can think
ol multiple alleles as being like flavors of pudding. Pudding usu-
1 Allv comes in more flavors than just chocolate and vanillal
= l:ven though a gene may have multiple alleles, a person can carry
iy 1wo of those alleles. This is because chromosomes exist in pairs.
1 chromosome in a pair carries only one allele for each gene.

(yne human trait that is controlled by a gene with multiple
ol l.h S l.‘:})]DOd type. There are fo:ur main blood types—A, B, AB,
il O). Three alleles control the inheritance of blood types. The T

. e . a
allele for blood type A and the allele for blood type B are codom- Tk of“':“e'l‘es s
nant. The codominant alleles are written as capital letters with
wperseripts—I? for blood type A and 1B for blood type B. The 8 AR or 1A
~allel 1or blood type O—written i—is recessive. Recall that when B 1BIB or [Bi
4w «odominant alleles are inherited, neither allele is masked. A AB JAB

von who inherits an I* allele from one parent and an B allele
jion 1he other parent will have type AB blood. Figure 2 shows the
~allele . ombinations that result in each blood type. Notice thatonly  Figure 2 Blood type is

pople who inherit two i alleles have type O blood. determined by a single gene

) with three alleles. This chart
Clicckpacar If a gene has multiple alleles, why can a person  shows which combinations of

il liave two of the alleles for the gene? alleles result in each blood type.
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One inherited
trait is eye
dominance—the tendency
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use one eye more than the

other. Here’s how you can test

urself for this trait.

Hold your hand out in front
of you at arm’s length.
Point your finger at an
object across the room.

. Close your right eye. With

only your left eye open,
observe how far your finger
appears to move.

- Repeat Step 2 with the

right eye open. With which
eye did your finger seem to
remain closer to the object?
That eye is dominant.

Designing Experiments |s
eye dominance related to

L hand dominance—whether a

| pe

rson is right-handed or left-

[l handed? Design an experi-
' ment to find out. Obtain your

|
| teacher’s permission before
= carrying out your experiment.

Figure 3 Skin color in humans is determined by three or
more genes. Different combinations of alleles at each of
the genes result in a wide range of possible skin colors.

If you did the Discover activity, you observed that height in
humans has more than two distinct phenotypes. In fact, there i
an enormous variety of phenotypes for height. What causes this
wide range of phenotypes? Some human traits show a large
number of phenotypes because the traits are controlled by
many genes. The genes act together as a group to produce
single trait. At least four genes control height in humans, so
there are many possible combinations of genes and alleles.

Like height, skin color is determined by many genes. Human
skin color ranges from almost white to nearly black, with many
shades in between. Skin color is controlled by at least three genes.
Each gene, in turn, has at least two possible alleles. Various com-
binations of alleles at each of the genes determine the amount of
pigment that a person’s skin cells produce. Thus, a wide variety of
skin colors is possible.

The effects of genes are often altered by the environment—the
organism’s surroundings. For example, people’s diets can affect
their height. A diet lacking in protein, minerals, and vitamins
can prevent a person from growing to his or her potential max-
imum height. Since the late 1800s, the average height of adults in
the United States has increased by almost 10 centimeters. During
that time, American diets have become more healthful. Other
environmental factors, such as medical care and living condi-
tions, have also improved since the late 1800s.

wf Checkpocnt How can environmental factors affect a person’s
height?




“Congratulations, Mr. and Mrs. Gonzales. It’s a baby girl!” What
(actors determine whether a baby is a boy or a girl? As with other
\raits, the sex of a baby is determined by genes on chromosomes.
Among the 23 pairs of chromosomes in each body cell is a single
pair of chromosomes called the sex chromosomes. The sex chro-
mosomes determine whether a person is male or female.

The sex chromosomes are the only pair of chromosomes that
[0 not always match. If you are female, your two sex chromosomes
match. The two chromosomes are called X chromosomes. If you
e male, your sex chromosomes do not match. One of your sex
hromosomes is an X chromosome. The other chromosome is
\ chromosome. The Y chromosome is much smaller than the
\ chromosome.

What happens to the sex chromosomes when egg and sperm
~lls form? As you know, each egg and sperm cell has only one
‘liromosome from each pair. Since both of a female’s sex chro-
osomes are X chromosomes, all eggs carry one X chromosome.
“lules, however, have two different sex chromosomes. This
‘eans that half of a male’s sperm cells carry an X chromosome,

hile half carry aY chromosome.

When a sperm cell with an X chromosome fertilizes an egg,
'l cug has two X chromosomes. The fertilized egg will develop
‘oo girl. When a sperm with a Y chromosome fertilizes an egg,
1+ vug has one X chromosome and one Y chromosome. The fer-

11l egg will develop into a boy. Thus it is the sperm that deter-
nes the sex of the child, as you can see in Figure 4.

4
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Daughter Son
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Figure 4 As this Punnett square

shows, there is a 50 percent
probability that a child will be a

girl and a 50 percent probability

that a child will be a boy.
Interpreting Diagrams What sex
will the child be if a sperm with a
Y chromosome fertilizes an egg?

Chapler 4
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Girl or Boy?
| You can mode! p@Bith iR
" how the sex of n“my
an offspring is determined.

1. Label one paper bag

nfemale.” Label another
paper bag “male.”

| 2. Place two red marbles in

[ the bag labeled “female.”
] The red marbles represent
| X chromosomes.

3. Place one red marble and
one white marble in the
bag labeled “male.” The
white marble represents a
Y chromosome.

4. Without looking, pick one
marble from each bag. Two
red marbles represent a
female offspring. One red
marble and one white
marble represent a male
offspring. Record the sex of
the “offspring.”

5. put the marbles back in the
correct bags. Repeat Step 4
nine more times.

Making Models How many
males were produced? How
many females? How close
were your results to the
expected probabilities for
male and female offspring?

#
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sex-Linked Genes

Some human traits occur more often in one sex than the other.
The genes for these traits are often carried on the sex chromo-
somes. Genes on the X and Y chromosomes are often called
sex-linked genes because their alleles are passed from parent {0
child on a sex chromosome. Traits controlled by sex-linked genes
are called sex-linked traits.

Like other genes, sex-linked genes can have dominant and
recessive alleles. Recall that females have two X chromosomes,
whereas males have one X chromosome and one Y chromosome.
In females, a dominant allele on one X chromosome will mask a
recessive allele on the other X chromosome. The situation is not
the same in males, however.In males, there is no matching allele
on the Y chromosome 10 mask, or hide, the allele on the X chro-
mosome. As a result, any allele on the X chromosome—even 4
recessive allele—will produce the trait in a male who inherits it.
Because males have only one X chromosome, males are more
likely than females to have a sex-linked trait that is controlled
by a recessive allele.

One example of a sex-linked trait that is controlled by a reces-
sive allele is red-green colorblindness. A person with red-green
colorblindness cannot distinguish between red and green.

Many more males than females have red-green colorblind-
hess. You can understand why this is the case by examining the
Punnett square in Figure 6. Both parents in this example have
normal color vision. Notice, however, that the mother is a carrier
of colorblindness. A carrier is a person who has one recessive
allele for a trait and one dominant allele. Although a carrier does
not have the trait, the carrier can pass the recessive allele on to his
or her offspring. In the case of sex-linked traits, only females can
be carriers.

Figure 5 A person with
red-green colorblindness
cannot see the loop of

red and pink dots in this
test chart.



XCY Father ]

' (normal color vision) “

XE s Y |
Figure 6 Red-green color- !
xCxC xCy blﬁldness isa segi-linked ;
) trait. A girl who receives '

7N only one recessive allele

xC : (written X©) for red-green
e : : colorblindness will not have
Daughter Son the trait. However, a boy
xCxc @ (normal color vision)  (normal color vision) who receives one re‘cessive

xC xc Xcy allele will be colorblind.
Mother Applying Cpncf:pts What ';
(carrier) ~ allele combmanon' wow_fd a
_ daughter need to inherit to !
e X¢ e/ f ] be colorblind? |
ey |

Circle: female Daughter Son

Square: male (carrier) (colorblind) \
[
|

As you can see in Figure 6, there is a 25 percent probability ‘
that this couple will have a colorblind child. Notice that none of \
the couple’s daughters will be colorblind. On the other hand, the I
s have a 50 percent probability of being colorblind. For a
l-male to be colorblind, she must inherit two recessive alleles for
~olorblindness, one from each parent. A male needs to inherit
-mly one recessive allele. This is because there is no gene for color

ion on the Y chromosome. Thus, there is no allele that could
sk the recessive allele on the X chromosome.

liagine that you are a geneticist interested in studying inheri-
" inee patterns in humans. What would you do? You can’t set up
- 1imses with people as Mendel did with peas. Instead, you would
woed 1o trace the inheritance of traits through many generations
1 number of families.

One tool that geneticists use to trace the inheritance of
tiaits in humans is a pedigree. A pedigree is a chart or “family
v+ that tracks which members of a family have a particular I
ti i I'he trait recorded in a pedigree can be an ordinary trait
< lias the widow’s peak, or it could be a sex-linked trait such as h
~wliblindness. In Exploring a Pedigree on page 124, you can |
v oo 1he inheritance of colorblindness through three genera-
b ol a family.

W (“ldeckpocnr How is a pedigree like a “family tree” _'-

Chapter 4 123 |
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| : EXU@ a Pedigree

his pedigree traces the occurrence of colorblindness
in three generations of a family. Colorblindness is a

sex-linked trait that is controlled by a recessive allele.

Notice that specific symbols are used in pedigrees to

communicate genetic information.

A circle represents
a female. \.J; \

nnecting a male

A horizontal line €O
arriage.

and female represents 2 m

[

[
ﬂ_s o

A completely
shaded circle or
square indicates
that a person has
the trait.

A half-shaded circle
or square indicates

that a person is 2
carrier of the trait.

A vertical line a
the parents to their children.

A square represents
—gf amale.

nd a bracket connect

A circle or square that is not
shaded indicates that a
person neither has the trait
nor is a carrier of the trait.

1. Why do human traits such as height and skin
color have many different phenotypes?

2. Explain why red-green colorblindness is more

common in males than in females.

3. What is a pedigree? How are pedigrees used?

4. Thinking Critically Predicting Could two
people with widow’s peaks have a child with a
straight hairline? Could two people with straight
hairlines have a child with a widow’s peak?

Explain.

XTI Y YYY
SB0CEN000000050000000000000 0
L]

gg&ig/

Check Your Progress
Ey nt?w, you should be N
reating your pedigree for |
first trait you chosg. Start wt':'t‘; one
couplg, and show two generations of
off;.pnng. The couple should have five
children. It is up to you to decide how
many children each of those children
has. Use Punnett squares to make sure
that your imaginary family’s inheritance
pattemn follows the laws of genetics.
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: How Many Chromosomes? | _l
. The photo at the left shows the chromosomes from a cell
. of a person with Down syndrome, a genetic disorder. The J
. chromosomes have been sorted into pairs. !
: 1. Count the number of chromosomes in the photo. _!
“ 2. How does the number of chromosomes compare to the |
: usual number of chromosomes in human cells?
s Inferring How do you think a cell could have ended up with
5 this number of chromosomes? (Hint: Think about the events '
. that occur during meiosis.) ‘
he air inside the stadium was hot and still. The crowd ¥
cheered Joudly as eight runners approached the starting : ‘
" . ¢ What causes genetic
blocks. The runners shook out their arms and legs to rr i e |‘
i . e : |
+wup their muscles and calm their jitters. When the starter o Genetie diodens = |
I the gun, all eyes focused on the runners. At the crack of diagnosed?
tarter’s gun, the runners leaped into motion and sprinted  Reading Tip As you read,
Aeve o the track., make a list of different types of

genetic disorders, Write a
sentence about each disorder.

. onds later, the race was over. The runners, bursting
+i+hpride, hugged each other and their coaches. It didn’t
w1 where each of the runners placed. All that mattered
« 1l they had finished the race and done their best. These
stt 1 were running in the Special Olympics, a competi-
Fravty Lo |h't)|'}]e Wilh disabiiities.

“1uw of the athletes who compete in the Special
Oiveap have disabilities that result from genetic dis-

welor A penetic disorder is an abnormal condition
#is o poson inherits through genes or chromosomes.
Genvin disorders are caused by mutations, or
shany . ina person’s DNA. In some cases, a mutation
i hien sex cells form during meiosis. In other
s nntation that is already present in a parent’s
s#ll: - d on to the offspring. In this section, you
will o about some common genetic disorders.

A runner at the Special Olympics »
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Figure 7 Cystic fibrosis is a genetic
disorder that Causes thick mucus to
build up in a person’s lungs and
intestines. This patient is inhaling a
fine mist that will help loosen the
mucus in her lungs.

Figure 8 Normally, red blood
cells are shaped like round disks
(top). In a person with sickle-cell
disease, red blood cells can
become sickle-shaped (bottom).
Relating Couse and Effect What
combination of alleles leads to
sickle-cell disease?

Cystic Fibro sis

Cystic fibrosis is a genetic disorder in which the body produces
abnormally thick mucus in the lungs and intestines. The thick
mucus fAlls the lungs, making it hard for the affected person to
breathe. Bacteria that grow in the mucu® can cause infections
and, eventually, lung damage. In the intestines, the mucus makes
it difficult for digestion to occur.

The mutation that Jeads to cystic fibrosis {s carried on a reces:
sive allele. The cystic fibrosis allele is most common among
people whose ancestors are from Northern Europe. Every day in
this country, four babies are born with cystic fibrosis.
Currently there is no cure for cystic fibrosis. Medical treal:
ments include drugs 10 prevent infections and physical therapy
{0 break up mucus in the lungs. Recent advances 1n scientisis
understanding of the disease may Jead to better treatments andd
Jonger lifespans for people with cystic fibrosis.

E{@éecéﬂoud« What are some symptoms of cystic fibrosis?

Sickie-Cell Disease

Gickle-cell disease is a genetic disorder that affects the blood. Th
mutation that causes the disorder affects the production of
important protein called hemoglobin. Hemoglobin 1 the pie
tein in red blood cells that carries OXygen- People with sickle- e
disease produce an abnormal form of hemoglobin. When OXYE!
concentrations are 10w, their red blood cells have an unust
sickle shape, as you can see in Figure 8.

Sickle-shaped red blood cells cannot carry s much oxygen
ormal-shaped cells. Because of their shape, the cells beeo
stuck in narrow blood vessels, blocking them. People with si¢ b
cell disease suffer from Jack of oxygen in the blood and expe
ence pain and weakness.



The allele for the sickle-cell trait is most common in people
ol African ancestry. About 9 percent of African Americans carry
the sickle-cell allele. The allele for the sickle-cell trait is codom-
imant with the normal allele. A person with two sickle-cell alleles
will have the disease. A person with one sickle-cell allele will pro-
Jnce both normal hemoglobin and abnormal hemoglobin. This
person usually will not have symptoms of the disease.

¢:urrently, there is no cure for sickle-cell disease. People with
1w ksle-cell disease are given drugs to relieve their painful symp-
\ms and to prevent blockages in blood vessels. As with cystic
hluosis, scientists are hopeful that new, successful treatments will
. be found.

| tonophilia is a genetic disorder in which a person’s blood clots
-+« slowly or not at all. People with the disorder do not pro-
1. one of the proteins needed for normal blood clotting. A
«+.on with hemophilia can bleed to death from a minor cut or
- +yywe. 'T'he danger of internal bleeding from small bumps and
e is also very high.
'l-mophilia is an example of a disorder that is caused by a
neallele on the X chromosome. Because hemophilia is a sex-
‘i ddisorder, it occurs more frequently in males than in females.
intecrarive People with hemophilia must get regular
( doses of the missing clotting protein. In gen-
iaple with hemophilia can lead normal lives. However,
‘. advised to avoid contact sports and other activities that
' -anse internal injuries.

Studies
 CONNEXTIDHD,

Hemophilia has affected
European history. Queen
Victoria of England had a son
and three grandsons with
hemophilia. Victoria, at least
two of her daughters, and
four of her granddaughters
were carriers of the disease.

As Victoria’s descendants
passed the hemophilia allele
to their offspring, hemophilia
spread through the royal
families of Europe. For
example, Empress Alexandra,
Queen Victoria's grand-
daughter, married the
Russian Czar Nicholas Il in
1894. Alexandra, a carrier of
hemophilia, passed the disease
to her son Alexis, who was heir
to the throne.

A monk named Rasputin
convinced Alexandra that he
could cure Alexis. As a result
of his control over Alexandra,
Rasputin was able to control
the Czar as well. The people’s
anger at Rasputin’s influence
may have played a part in the
Russian Revolution of 1917,
in which the Czar was
overthrown.

12 Vo Somrnat. /

Imagine that you are Empress
Alexandra. Write a diary entry
expressing your feelings and
unanswered questions about
Alexis’s condition.

EPRRIC IO A - L

Figure 9 Empress Alexandra of
Russia (center row, left) passed the
allele for hemophilia to her son
Alexis (front).

Chopter 4 127

e

D



Figure 10 Down syndrome
is a genetic disorder in which a
person’s cells have an extra copy
of chromosome 21. Although
people with Down syndrome
have some mental and physical
limitations, they can lead active,
productive lives.

Down Syndrome

Some genetic disorders are the result of too many or too few
chromosomes. In one such disorder, called Down syndrome, a
person’s cells have an extra copy of chromosome 21. The extra
chromosome is the result of an error during meiosis. Recall that
in meiosis, cells divide and chromosomes separate o produce
sex cells with half the normal chromosome number. Down syn-
drome most often occurs when chromosomes fail to separate
propesly during meiosis.

People with Down syndrome have a distinctive physical
appearance, and have some degree of mental retardation. Heart
defects are also common, but can be treated. Despite their limi-
{ations, many people with Down syndrome lead full, active lives.

Diagnosing Genetic Disorders

B INTEGRATING Years ago, doctors had only Punnett squares
é; Tecunorocy  and pedigrees tO help them predict whether
a child might have a genetic disorder. Today doctors use tools such
as amniocentesis and karyotypes o help detect genetic disorders

Refore a baby is born, doctors can use a procedure callec
amniocentesis (am nee oh sen TEE sis) t0 determine whether th
baby will have some genetic disorders. During amniocentesis, -
doctor uses a very long needle to remove a small amount of th
fluid that surrounds the developing baby. The fluid contains cell
from the baby.



The doctor then examines the chromosomes from
the cells. To do this, the doctor creates a karyotype. A
karyotype (Ka ree uh typ) is a picture of all the chro-
mosomes in a cell. The chromosomes in a karyotype
are arranged in pairs. A karyotype can reveal whether
1 developing baby has the correct number of chro-
mosomes in its cells and whether it is a boy or a girl.
Il 'you did the Discover activity, you saw a karyotype
(rom a girl with Down syndrome.

\ couple that has a family history or concern about
1 wenetic disorder may turn to a genetic counselor
lor advice. Genetic counselors help couples under-
‘tand their chances of having a child with a partic-
ular genetic disorder. Genetic counselors use tools
wich as karyotypes, pedigree charts, and Punnett
+juares to help them in their work.

Suppose, for example, that a husband and wife
'with have a history of cystic fibrosis in their families.
' they are considering having children, they might

-k the advice of a genetic counselor. The genetic
~winselor might order a test to determine whether
thevare carriers of the allele for cystic fibrosis. The

) i : A -
'}’;33.1.‘.:’- a . AL i

Figure 11 Couples may meet

netic counselor would then apply the same prin-  with a genetic counselor and their

les of probability that you learned about in  doctor in order to understand their
chances of having a child with a

genetic disorder.

* lupter 3 to calculate the couple’s chances of having
- hild with cystic fibrosis.

L

b /_) \ __'\:.'I-.."q.';_-f._u_.--r_‘:,..f; .‘._,.'.\:_ » 3o :_q-- -.I...... “- e WPy
(@) Section 2 Review

i, g%ﬁrg &es
1 1 -plain how genetic disorders occur in humans. : At this point, you should
Wi bt 1= oilgr L begin to trace the inheritance
et L : of another trajt through the same famii
il members that are in your first pedigree.y
V 1w do the cells of people with Down ;gi,nit?‘fr}ﬁnaking Lol fa_rnily <
~tehome differ from those of others? How ! other r.netlh ydCJU Do
bl Lhis difference arise? members | b ShOW'What gl
4 1uaking Critically Problem Solving ' i Lot i E

~uiple with a family history of hemophilia is : ::3:: Fh};ing;ypes. Remember that
'l 1o have a baby girl. What information . sarE Bhenok € genotype can have the
vl the parents would you want to know? ' Ype.)
't would this information help you determine
~ e ther the baby will have hemophilia?

Chapter 4 129
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"7 magine that you are a genetic counselor.

if Two couples come to you for advice. Their
= . family histories are summarized in the
boxes labeled Case Study 1 and Case Study 2.
They want to understand more about certain
genetic disorders that run in their families. In this
lab, you will find answers to their questions.

Problem

How can you investigate inheritance patterns in
families?

Materials

12 index cards
SCissors
marker

Procedure

Part 1 Investigating Case Study 1

1. Read over Case Study 1. In your notebook,
draw a pedigree that shows all the family
members. Use circles to represent the
females, and squares to represent the males.
Shade in the circles or squares representing
the individuals who have cystic fibrosis.

Case Study 1: Joshua and Bella

« Joshua and Bella have a son named lan.
lan has been diagnosed with cystic
fibrosis.

« Joshua and Bella are both healthy.

« Bella's parents are both healthy.

« Joshua's parents are both healthy.

« Joshua's sister, Sara, has cystic fibrosis.

esecosssesesesensece careers in SCience esstesoosencassoscecs

2. You know that cystic fibrosis is controlled by a
recessive allele. To help you figure out Joshua
and Bella’s family pattern, create a set of
cards to represent the alieles. Cut each of six
index cards into four smaller cards. On 12 of
the small cards, write N0 represent the
dominant normal aliele. On the other 12 small
cards, write n for the recessive allele.

3. Begin by using the cards to represent lan's
alleles. Since he has cystic fibrosis, what
alleles must he have? Write in this genotype
next to the pedigree symbo! for lan.

4. Joshua's sister, Sara, also has cystic fibrosis.
What alleles does she have? Write in this
genotype next to the pedigree symbo! that
represents Sara.
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[t Case Study 2: Li and Mai
< The father, Li, has a skin < Li has one brother whose skin
condition. The mother, Mai, has is normal, and one sister who
normal skin. has the skin condition.
< Liand Mai’s first child, a girl ¢ Li's mother has the skin
named Gemma, has the same condition. His father does not.
skin condition as Li. o Li's family lives in a heavily
< Mai's sister has a similar skin wooded area. His family has s

condition, but Mai's parents

do not.
"",'l o0
8
it

h. Now use the cards to figure out what
rienotypes Joshua and Bella must have. Write
Iheir genotypes next to their symbols in the
pedigree.

t. Work with the cards to figure out the
«qenotypes of all other family members. Fill in
wich person’s genotype next to his or her
-ymbol in the pedigree. If more than one
reenotype is possible, write in both genotypes.

Part 2 Investigating Case Study 2
1. liad over Case Study 2.

# i suspect that Gemma and Li's skin
«wlition is caused by an inherited recessive
-llele. Begin to investigate this possibility by
«rawing a family pedigree in your notebook.
I« shading to indicate which individuals
havee the skin condition.

il v the genotype ss beside each individual
vl has the skin condition. Then use cards as
vou did in Case Study 1 to figure out each
Lannly member's genotype. If more than one
yr-untype is possible, fill in both genotypes.

(e

always thought the skin
condition was a type of allergy.

Analyze and Conclude

1. In Case Study 1, what were the genotypes of
Joshua’s parents? What were the genotypes
of Bella's parents?

2. In Case Study 1, Joshua also has a brother.
What is the probability that he has cystic
fibrosis? Explain.

3. Can you conclude that the skin condition in
Case Study 2 is most likely an inherited trait
controlied by a recessive allele? Explain.

4. What is the probability that Mai and Li's next
child will have the skin condition? Explain.

5. Apply Why do genetic counselors need
information about many generations of a
family in order to draw conclusions about a
hereditary condition?

More to Explore

Review the two pedigrees that you just studied.
What data suggests that the traits are not sex-
linked? Explain.

-
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: What Do Fingerprints Reveal?

* 1. Label a sheet of paper with your name. 3. Exchange your group’s fingerprints with those
*  Then roll one of your fingers from side 1o from another group. Compare each labeled

¢ side on an ink pad. Make a fingerprint by fingerprint with the fingerprint on the

¢ carefully rolling your inked finger from side unlabeled paper. Decide whose fingerprint it is.
. o side on the paper. 4. Wash your hands after completing this activity.
* 2. Divide into groups. Each group should

*  choose one member to use the same Think  Over

*  finger to make a second fingerprint on a Observing Why are fingerprints a useful tool for
¢ sheet of paper. Leave the paper unlabeled. identifying people?

Scotland. Dolly was an ordinary lamb in every way except

In the summer of 1996, a lamb named Dolly was born in
one. The fertilized cell that developed into Dolly was pro-

© What are three ways in
which an organism’s traits

can be altered? duced in a laboratory by geneticists using experimental tech-
¢ What is the goal of the niques. You will learn more about the techniques used by the
Human Genome Project? geneticists later in the section.
Reading Tip As you read, Although the techniques used to create Dolly are new, the
:Eﬁ cf'dic'u”;edptompar’; é’:’c‘:e idea of producing organisms with specific traits is not. For thou-
organisms with desirable sands of years, people have tried to produce plants and animals
traits. Include at least one with desirable traits. Three methods that people have used to

example of each technique. 4 3 . s 3 3
; 4 develop organisms with desirable traits are selective breeding,

cloning, and genetic engineering.
Dolly ¥

R <glective Breeding
— More than 5,000 years ago, people Jiving in what is
now central Mexico discovered that a type of wild
grass could be used as food. They saved the seeds
from those plants that produced the best food, and
planted them to grow new plants. By repeating this
process over many generations of plants, they devcl
oped an early variety of the food crop we now call corn.
The process of selecting a few organisms with desired
traits to serve as parents of the next generation is called

selective breeding.
People have used selective breeding with many different
plants and animals. Breeding programs usually focus an

increasing the value of the plant or animal to people. o1
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vample, dairy cows are bred to produce larger quantities of milk.
‘lany varieties of fruits and vegetables are bred to resist diseases
nd insect pests.

Inbreeding One useful selective breeding technique is called
ibreeding, Inbreeding involves crossing two individuals that
lve identical or similar sets of alleles. The organisms that result
liom inbreeding have alleles that are very similar to those of their
|irents, Mendel used inbreeding to produce purebred pea plants
' his experiments.
One goal of inbreeding is to produce breeds of animals with
Jilic traits. For example, by only crossing horses with excep-
‘il speed, breeders can produce purebred horses that can run
-y fast. Purebred dogs, such as Labrador retrievers and German
lipherds, were produced by inbr eeding
| Infortunately, because inbred organisms are genetically very
+ular, inbreeding reduces an offspring’s chances of inheriting
v allele combinations. Inbreeding also increases the probability
tht organisms may inherit alleles that Jead to genetic disorders.

I+ vsample, inherited hip problems are common in many breeds
L |1 :l_"s_

Wybridization Another selective breeding technique is called
tbandization. In hybridization (hy brid ih zay shun), breeders
1+ hwo genetically different individuals. The hybrid organism
't iesults is bred to have the best traits from both parents. For
#vunple,a farmer might cross corn that produces many kernels

witheoorn that is resistant to disease. The result might be a hybrid
cvwreplant with both of the desired traits. Today, most crops
¥+ von farms and in gardens were produced by hybridization.

b fr[‘[ti Gl | a4

..‘.s;.f-f- l. ".:I. :i"'r g"
(LA }‘E‘ L.
gwf tl r" :

VoL

Figure 12 For thousands of
years, people have used selective
breeding to produce plants and
animals with desirable traits.
Making Generalizations What
are some traits for which corn may
be bred?
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Figure 13 Plants can be easily
cloned by making a cutting.
Once the cutting has grown
roots, it can be planted and
will grow into a new plant.
Applying Concepts Why is the
new plant considered to be a
clone of the original plant?

Cloning

One problem with selective breeding is that the
breeder cannot control whether the desired allele
will be passed from the parent to its offspring.
This is because the transmission of alleles is
determined by probability, as you Jearned in
Chapter 3. For some organisms, another tech-
nique, called cloning, can be used to produce off-
spring with desired traits. A cloneisan organism
that is genetically identical to the organism from
which it was produced. This means that a clone
has exactly the same genes as the organism from
which it was produced. Cloning can be done in
plants and animals, as well as other organisms.

Cloning Plants One way 10 produce a clone of a plant is
through a cutting. A cutting is a small part of a plant, such as a
Jeaf or a stem, that is cut from the plant. The cutting can grow
into an entire new plant. The new plant is genetically identical to
the plant from which the cutting was taken.

Cloning Animals Producing a clone of an animal 1s much
more difficult than producing a clone of a plant. Itisn’t possible
to use a cutting from a cow 10 produce a new cow. However, sci-
entists have been experimenting with various techniques to pro-
duce clones of animals. Remember Dolly, the Jamb described at
the beginning of this section? Dolly was the first clone of an adult
mammal ever produced.

To create Dolly, researchers first removed an egg cell from
one sheep. The cell’s nucleus was replaced with the nucleus from
a cell of a six-year-old sheep. The egg was then implanted into
the uterus of a third sheep. Five months later, Dolly was born.
Dolly is genetically identical to the six-year-old sheep that sup-
plied the cell nucleus. Dolly is a clone of that sheep.

E,_']’ Clieckpocnt How can a clone of a plant be produced?

Genetic Engineering

In the past few decades, geneticists have developed another pow
erful technique for producing organisms with desired traits. In thi
process, called genetic engineering, genes from one organism ar
transferred into the DNA of another organism. Genetic enginee
ing is sometimes called “gene splicing” because a DNA molecule
cut open and a gene from another organism is spliced into }
Researchers use genetic engineering to produce medicines,
improve food crops, and to try to cure human genetic disorders.



Em Genetic Plasmid  Bacterial chromosome
| @&@H@Um Engineering j

cientists use genetic engineering to create bacterial
cells that produce important human proteins, such

: ‘ Bacterium
as insulin.
i Scientists remove plasmids,
1 In. TR e g small circular rings of DNA,
3 REGULAR i
b, _ . from bacterial cells.
yection, USP__ Insulin gene
trezompinant 1" -] g e \
7 et Human DNA © An enzyme cuts open the
- plasmid DNA. The same enzyme
T . | § removes the human insulin gene
a ‘ from its chromosome.
The plasmid and human insulin
gene are mixed. The insulin gene
attaches to the open ends of the
plasmid to form a closed ring. l
The plasmids, which now
contain the human insulin Ty e
gene, are mixed with bacterial S
cells. Some of the bacterial cells NS b
take up the plasmids. o
When the cells reproduce,
the new cells will contain i

ropies of the “engineered”

prlasmid. The foreign gene =
tlirects the cell to produce D
hiiiman insulin.

.enetic Engineering in Bacteria Researchers had their first
«iesses with genetic engineering when they inserted DNA from
~ther organisms into bacteria. Recall that the single DNA mol-
ule of bacterial cells is found in the cytoplasm. Some bacterial
|- also contain small circular pieces of DNA called plasmids.

In Exploring Genetic Engineering, you can see how scientists
v+l human gene into the plasmid of a bacterium. Once the
1" Vs spliced into the plasmid, the bacterial cell and all its off-
s will contain this human gene. As a result, the bacteria pro-
i the protein that the human gene codes for, in this case

w:uhin. Because bacteria reproduce quickly, large amounts of
e can be produced in a short time. The insulin can be col-
leotoiland used to treat people with diabetes, a disorder in which

the Luuly does not produce enough of this protein.

Chopter 4 135




spdoad asayy Ul JATIDRJOP 218 urajord 3y 10j SIpOd 18}
i atp Jo sa1dod {od -yonouny dun| 1adoxd 10] papaau stiel
wiajoxd e »onpoid ou op sisoIqy o1skd M ardoad ‘apdwex?
10| “19pIOSIP >nauad e UM wosiad e jo s[[22 Y3 Ol Apo211p
wag e jo sardod Bunirom Fur)asUl SIA[OAUL {derayp 2ud3
pf[ed tgsan01d st ], "S12PIOSIP >19U2B WS 1231102 0} An oy 3ut
aurdud onauad Suisn OS[E 91F s1aypreasay Adedyl auan

"1opIOSIP A} M ardoad 1ean 0y pasn pue paloeIIXa 3q
{|15ea Ued pue [l SMO2 A ut pa>npoid st urayo1d Ay, -eryd
oWy YHM ardoad 4q papa3u urr01d Sumop poo[q > aonp
o1d 01 20bruY3) SIY) PAsT IABY $1SIUADG "SIPOD auad ot YoIym
wj urpr0d uewWny A sonpoid uay) smod YL *sM02 JO S[[22 24}
ot sauad uewny Masul ued sysnuaDs ‘(duwexa 104 ‘suewiny 10}
soumIpaut yueprodur aonpoud uay yRIgMm ‘g[euutue 0ul saua3
L19sUL 0} pasn 2q OS[e Ued sanbruydal Sur122u3Ud dHAUD
-g15ad 10asur 1sisat 01 pue ‘SUOI}IpUOD [LOS 100d ur 10
<orniesadua) 19p[0d Ul JAIAIDS OF syue[d a3 a[qeU? sauad ay} Jo
surog 'sdoxd yueyproduar 1210 pue QOLI ‘yeayMm ‘ga01eW0]} JO S[[32
aU[} OJUI BLI2IOE( WO souad pariasul daey $1S1IUA1S -susiued1o
13110 JO S[[22 2 OMU! 52138 115U O} pasn u2aq OS[e SBY guLau
-13u2 DIURD swisiuebiQ 12410 U! Huriaauibul 2112U3D

“eLI2108q pa1aauidud Ajpeonauad oy syuel ‘g)sTXa aUOWIOY U}
jo Ajddns pajeuiun ue ‘Aepoj, -auowioy a4 Jo suondafur UdAL3
2q ued AUOWLIOY (amoI3 uewuny y3noua aorpoxd jou op s2poq
asoym UAIP[IYD URIP[Y? ut ssa201d pmoid ayy sfoau0d B
urpjoid e sTaUOULIOY (pmolI3 uewny gduexs 10 BLRIEq pa1aau
-13uo A[reonauad Ul paonpoid aze surar0xd ueuwmny Auett ‘Kepol,

£$20]DWO]}
ui ajqoJisap aq pinom suo.

12410 104YM sjuawbpn( Bupp
‘s31ja1eA J1BL10 el 1abuo|

daay pue 13113 2158} S01BWO
ay) ‘Buusauibud Jnauab

Buisn sa01eWO) JO fa1eA mau
siy) pajeald sisusds vl aanbiy

=




Scientists can insert working copies of the gene into harmless
viruses. The “engineered” viruses can then be sprayed into the
lungs of patients with cystic fibrosis. The researchers hope that
the working copies of the gene in the viruses will function in
the patient to produce the protein. Gene therapy is still an exper-
imental method for treating genetic disorders. Researchers are
working hard to improve this promising technique.

In courtrooms across the country, a genetic technique called
'NA fingerprinting is being used to help solve crimes. If you did
the Discover activity, you know that fingerprints can help to
wlentify people. No two people have the same fingerprints.
Ietectives routinely use fingerprints found at a crime scene to
help identify the person who committed the crime. In a similar
wiy, DNA from samples of hair, skin, and blood can also be used
1o identify a person. No two people, except for identical twins,
luive the same DNA.

In DNA fingerprinting, enzymes are used to cut the DNA in
the sample found at a crime scene into fragments. An electri-
-al current then separates the fragments by size to form a pat-
i1rn of bands, like the ones you see in Figure 15. Each person’s
iilern of DNA bands is unique. The DNA pattern can then be

~unpared to the pattern produced by DNA taken from people
nwpected of committing the crime.

“lheckpocat In what way is DNA like fingerprints?

Pruh!e 1

e
1
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“ 1]
“hivea T

Sharpen

Skills

Imagine that
you are an
expert witness at a murder
trial. You will be called to
testify about the DNA
evidence found in drops of
blood at the crime scene. You
will need to explain the
process of DNA fingerprinting
to the jury. Write a paragraph
describing what you would
say. How would you convince

a jury that DNA fingerprinting
is a reliable technique?

ACTIV 7y

il I o

r—““—ni——rh't%i--"“"“

T T e T W A T GO M ML G N T -

B SIX PROBE mATCH g

Figure 15 This scientist
is explaining how DNA
fingerprinting can be
used to help solve
~ crimes. DNA from blood
or other substances
collected at a crime
scene can be compared
- .. to DNA from a suspect’s

s === blood.
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-~ The Human Genome Froject
i L i : : : #%] Imagine trying to crack a code thatis 3
1 RN L e e | billion characters long. Then imagine
working with people all over the world

to accomplish this task. That’s exactly

what scientists working on the Human

Genome Project are doing. A genome

fanding Gyt is all the DNA in one cell of an organ-

| e eventually understand the informatic :sm. Researchers estimate that the 23

et wll almost cets LU e pairs of chromosomes that make up

hurna for blolonical and medical research ever developed the human genome contain about

\ Lo 60,000 to 80,000 genes—oOr about 3
D CRpa— billion DNA base pairs.

: . ' . T The main goal of the Human
At TN ey IS '--;1-!;’;‘{;”“*.1::'-;':1-3:; Genome Project is to identify the DNA
\ uzaig| & ¥+ sequence of every gene in the human
j = i 3 S SRR When the Human Genome
.l | ?_1 | : ”‘l \\1\: “]Wﬁ" m‘&il‘ ? P;oject i_s c-ox;upletec:l, an Encycﬂopedia
1 ,‘ URARE: ‘-.-j \ o ~genetic In ormation 2 out humans
H ‘. . ; Rt - will be available. Scientists will know
) 1 : ' B L s . aee o+ the DNA sequence of every human
: .:| R 131 gene,and thus the amino acid sequence
\ | Figure 16 The Human Genome of every protein.

\ Project is an attempt to identify the With the information from the Human Genome Project,
| ¢ sequence of every DNA base pair in researchers may gain a better understanding of how humans
| l the human genome. develop from a fertilized egg 10 an adult. They may also learn

1 what makes the body work, and what causes things to g0
\ ] wrong. New understandings may lead to new treatments and
| prevention strategies for many genetic disorders and for dis-

eases such as cancer.

section 3 Review

@

1 .
: Grocery G ; .
\[ 1. Name three techniques that people have used to : O Othegduletr;::::i‘l:; mv:rlrth)a e
produce organisms with desired traits. : @ grocery store. Look at thee E:i'?fo =
i 2. Why do scientists want to identify the DNA sequence of varieties gf potatoes, apples anlderent
I every human gene? i pther fruits and vegetables. Discu
| 3. What is genetic engineering? Describe three possible Sec;:étt‘hese varh_aties were created é;
benefits of this technique. ! one e bree@'ng- Then choose
A 4. Explain how a DNA fingerprint is produced. What : type of fruit or vegetable and

2 m i i
: ake a list of different varieties. If

: possible, find out
: : ’ what trai
: variety was bred for. traits each

information can a DNA fingerprint reveal?

5. Thinking Critically Making Judgments Do you
think there should be any limitations on genetic
engineering? Give reasons to support your position.
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Who Should Have Access to Genetic Test Resulis?

’cientists working on the Human Genome
Project have identified many alleles that put
people at risk for certain diseases, such as breast
cancer and Alzheimer’s disease. Through
lechniques known as genetic testing, people
can have their DNA analyzed to find out
whether they have any of these alleles. If they
vlo, they may be able to take steps to prevent
the iliness or to seek early treatment.

Some health insurance companies and
mployers want access to this type of genetic
nlormation. However, many people believe that
qenetic testing results should be kept private.

The Issves

Health insurance

«umpanies set their rates based on a person’s risk
+ health problems. To determine a person's
wrhirance rate, insurance companies often require
that a person have a physical examination. If the
«-.amination reveals a condition such as high
lh i pressure, the company may charge that
1+1son more for an insurance policy. This is
I+ .ause he or she would be more likely to need
v+ pensive medical care.

hsurance companies view genetic testing as
1 .ulditional way to gather information about a
i« an's health status. Insurers argue that if they
«»n-unable to gather this information, they
v+ wilil need to raise rates for everyone. This would
i« unlair to people who are in good health.

v
) Federal laws forbid employers

»th 15 or more workers from choosing job
ari v .ints based on their health status. These laws

You Decide

V. hientify the Problem

Iy your own words, explain
Hu problem of deciding who
-hould have access to genetic

Lol results. shared.

2. Analyze the Options

Examine the pros and cons of
keeping genetic test results
private. List reasons to
maintain privacy. List reasons
why test results should be

do not apply to smaller companies, however.
Employers may not want to hire employees with
health problems because they often miss more
work time than other employees. In addition,
employers who hire people with health problems
may be charged higher health insurance rates.

Many small companies cannot afford to pay these
higher rates.

Some people think that the
government should prohibit all access to genetic
information. Today, some people fear that they
will be discriminated against as a result of genetic
test results. Because of this fear, some people
avoid genetic testing—even though testing might
allow them to seek early treatment for a disorder.
These people want tighter control of genetic
information. They want to be sure that insurers
and employers will not have access to genetic
test results.

3. Find a Solution

Create a list of rules to
control access to genetic
information. Who should
have access, and under what
circumstances? Explain your
reasoning.

Chopter 4 139

I



- .

Real-World Lab

140

Uil o

n this lab, you will investigate how DNA
fingerprinting can be used to provide
evidence related to a crime.

Problem
How can DNA be used to identify individuals?

Skills Focus
observing, making models, drawing conclusions

Materials
4-6 bar codes

Procedure

1.

Look at the photograph of DNA band patterns
shown at right. Each person’s DNA produces a
unique pattern of these bands.

. Now look at the Universal Product Code, also

called a bar code, Shown below the DNA
bands. A bar code can be used as a model of
a DNA band pattern. Compare the bar code
with the DNA bands to see what they have in
common. Record your observations.

. Suppose that a burglary has taken place, and

you're the detective leading the investigation.
Your teacher will give you a bar code that
represents DNA from blood found at the crime
scene. You arrange to have DNA samples
taken from several suspects. Write a sentence
describing what you will look for as you try to
match each suspect's DNA 10 the DNA sample
from the crime scene.

. You will now be given bar codes representing

DNA samples taken from the suspects.
Compare those bar codes with the bar code
that represents DNA from the crime scene.

cosessscsssseees You Solve the Mystery ecssssesssevacss

Trriocerty

5. Use your comparisons to determine whether
any of the suspects was present at the crime
scene.

Analyze and Conclude

1. Based on your findings, were any of the
suspects present at the crime scene? Support
your conclusion with specific evidence.

2. Why do people’s DNA patterns differ so
greatly?

3. How would your conclusions be affected if you
learned that the suspect whose DNA matched
the evidence had an identical twin?

4. Apply In everyday life, do you think that DNA
evidence is enough t0 determine that a
suspect committed the crime? Explain.

More to Explore

Do you think the DNA fingerprints of @ parent ani!
a child would show any similarities? Draw whal
you think they would look like. Then explain youl
thinking.
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Key Ideas
Some human traits are controlled by a single
gene that has multiple alleles—three or more
forms.
Some human traits show a wide range of
phenotypes because these traits are controlled
by many genes. The genes act together as a
group to produce a single trait.
Traits are often influenced by the organism’s
environment.
Males have one X chromosome and one Y
chromosome. Females have two X chromo-
somes. Males are more likely than females to
have a sex-linked trait controlled by a recessive
allele.
Geneticists use pedigrees to trace the
inheritance pattern of a particular trait through
a number of generations of a family.

Key Terms
multiple alleles carrier
«x-linked gene pedigree

Ao,
) Human Genetic Disorders

Key Ideas
tienetic disorders are abnormal conditions that
are caused by mutations, or DNA changes, in
#enes or chromosomes.
¢ .ommon genetic disorders include cystic
hbrosis, sickle-cell disease, hemophilia, and
Down syndrome.
‘\mniocentesis and karyotypes are tools used to
liagnose genetic disorders.
*wnetic counselors help couples understand
their chances of having a child with a genetic

Jisorder.
Koy Terms
g etic disorder karyotype
eninngcentesis

5RO,

Advances in Genetics
INTEGRATING Tmmmocrc

s

Key Ideas

. Selective breeding is the process of selecting a
few organisms with desired traits to serve as
parents of the next generation.
Cloning is a technique used to produce
genetically identical organisms.
Genetic engineering can be used to produce
medicines and to improve food crops.
Researchers are also using genetic engineering
10 try to cure human genetic disorders.
DNA fingerprinting can be used to help
determine whether material found at a crime
scene came from a particular suspect.
The goal of the Human Genome Project is to
identify the DNA sequence of every gene in the
human genome.

Key Terms

selective breeding genetic engineering
inbreeding gene therapy
hybridization genome

clone

Organizing Information

Concept Map Copy the concept map about
human traits onto a separate sheet of paper. Then
complete it and add a title. (For more on concept
maps, see the Skills Handbook.)
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Multiple Choice
i Choose the letter of the best answer.

1. A human trait that is controlled by
multiple alleles is
a. dimples. b. blood type.
¢. height. d. skin color.
2. A genetic disorder caused by a sex-linked
gene is
a. cystic fibrosis.
b. sickle-cell disease.
c. hemophilia.
d. Down syndrome.
. 3. Sickle-cell disease is characterized by
“+ " a. abnormally shaped red blood cells.
b. abnormally thick body fluids.
c. abnormal blood clotting.
d. an extra copy of chromosome 21.
& 4. Inserting a human gene into a bacterial
plasmid is an example of
a. inbreeding.
b. selective breeding.
¢. DNA fingerprinting.
d. genetic engineering.
& 5. DNA fingerprinting is a way 10
a. clone organisms.
b. breed organisms with desirable traits.
c. identify people.
d. map and sequence human genes.

True or False

If the statement is true, write true. If it is
false, change the underlined word or words
to make the statement true.

6. A widow’s peak is a human trait that is

controlled by a single gene.

7. A person who inherits two X chromosomes

will be male.

8. Akaryotype isa chart that shows the
relationships between the generations
of a family.

& 9. Hybridization is the crossing of two
genetically similar organisms.

&€ 10. A clone is an organism that is genetic-
ally identical to another organism.

142

11. Explain how both genes and the
environment determine how tall a person
will be.

12. Explain why traits controlled by recessive
alleles on the X chromosome are more
common in males than in females.

13. What is sickle-cell disease? How is this
disorder inherited?

14. How can amniocentesis be used to detect 3
disorder such as Down syndrome?

& 15. Explain how a horse breeder might use
selective breeding to produce horses that
have golden coats.

& 16. Describe how gene therapy might be used
in the future to treat a person with

\ hemophilia.

17. Writing to Learn As the webmaster for :
national genetics foundation, you must
create a Web site to inform the public
about genetic disorders. Choose one
human genetic disorder discussed in this
chapter. Write a description of the disorde
that you will use for the Web site.

Thinking Critically

18. Applying Concepts Whycana person
be a carrier of a trait caused by a recessive
allele but not of a trait caused by a
dominant allele?

19. Problem Solving A woman with norm
color vision has a colorblind daughter.
What are the genotypes and phenotypes
both parents?

20. Calculating 1f a mother is a carrier of
hemophilia, what is the probability that
son will have the trait? Explain your
answer.

& 21. Inferring How could ancient people
selectively breed corn if they didn’t kno
about genes and inheritance?

& 22. Comparing and Cofftrasting How
selective breeding and genetic engineeri
different? HOZ are they similar?



Applying Skills

Use the information below to answer Questions
23-25.

¢ Bob and Helen have three children.

¢ Bob and Helen have one son who has
albinism, an inherited condition in which
the skin does not have brown pigments.

¢ Bob and Helen have two daughters who
do not have albinism.

¢ Neither Bob nor Helen has albinism.

¢ Albinism is neither sex-linked nor
codominant.

23. Interpreting Data Use the information
to construct a pedigree. If you don’t know
whether someone is a carrier, leave their
symbol empty. If you decide later that a
person is a carrier, change your pedigree.

esovensesssssaa

ssscescnce

eesnssnarvcence

24, Drawing Conclusions Is albinism
controlled by a dominant allele or by a
recessive allele? Explain your answer.
Predicting Suppose Bob and Helen
were to have another child. What is the
probability that the child will have
albinism? Explain.

25.

: Performance

Present Your Project Before displaying your
project, exchange it with another group to :
check each other’s work. Make any necessary
corrections, and then display your materials to
the class. Be ready to explain the inheritance
patterns shown in your pedigrees.

Reflect and Record In your journal,
describe what you learned by creating the
pedigrees. What questions do you have as a
result of the project?

[
Test Preparation
| v the information to answer Questions 26—29.
Iie Punnett square below shows how muscular
‘Ivsirophy, a sex-linked recessive disorder, is
mherited.
hey Father (normal)
™ = normal XMy
allele
V" muscular XM Y
dystrophy h
allele
XM XMxM XMy
Mother
XMxm
(carrier)
XMxm Xmy

Use these questions to prepare for standardized tests.

26. What is the probability that a daughter of
these parents will have muscular dystrophy?
a. 0% b. 25%
c. 50% d. 100%

27. What is the probability that a son of these
parents will have muscular dystrophy?
a. 0% b. 25%
¢. 50% d. 100%

28. What is the probability that a daughter of
these parents will be a carrier of the disease?
a. 0% b. 25%
¢. 50% d. 100%
29. Which of the following statements is true of
muscular dystrophy?
a. More men than women have muscular
dystrophy.
b. More women than men have muscular
dystrophy.
¢. More men than women are carriers of
muscular dystrophy.
d. No women can have muscular dystrophy.
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