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About the P’Hﬂ'o

The guinea pig in the middle has dark fur, and : s .
the other two have light orange fur. The guinea PRE:READING B—E"I!,E’!:I!/

pig on the right has longer hair than the other

(3

two. Why do these guinea pigs look different FOLDNOTES| Key-Term Fold Before
from one another? The length and color of E you read the chapter, create

their fur was determined before they were _ the FoldNote entitled “Key-
born. These are just two of the many traits Term Fold® described in the Study Skills
determined by genetic information. Genetic SAckn e lie peie ks ke B
information is passed on from parents to their each 1ab of the key-
offspring. term fold. Under each

tab, write the definition

of the key term.
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Clothing Combos

How do the same parents have children with many
different traits?

Procedure

1. Gather three boxes. Put five hats in the first box,

five gloves in the second, and five scarves in the
third.

2. Without looking in the boxes, select one item from
each box. Repeat this process, five students at a
time, until the entire class has picked “an outfit”
Record what outfit each student chooses.

Cogyrgh © by Hol, Hinshan and 'Winsion, &1 ights messreed

Analysis
1. Were any two outfits exactly alike? Did you see all
possible combinations? Explain your answer.

2. Choose a partner. Using your outfits, how many
different combinations could you make by giving
a third person one hat, one glove, and one scarf?
How is this process like parents passing traits to
their children?

3. After completing this activity, why do you think
parents often have children who look very differ-
ent from each other?

Heredity 55



READING WARM-UP

Objectives
@ Explain the relationship between
traits and heredity.

@ Describe the expenments of Gregor
Mendel.

@ Explain the difference between
dominant and recessive traits,

Terms to Learn
heredity
dominant trait
recessive trait

READING STRATEGY

Brainstorming The key idea of this
section is heredity, Brainstorm words
and phrases related to heredity.

heredity the passing of genetic
traits from parent to offspring

Figure 1 Gregor Mendel
discovered the principles of
heredity while studying pea plants.

56 Chapter 3 Heredity

Why don't yvou look like a rhinoceros? The answer to
this question seems simple: Neither of your parents is a
rhinoceros. But there is more to this answer than meets
the eve.

As it turns out, heredity, or the passing of trails from parents
to offspring, is more complicated than vou might think. For
example, you might have curly hair, while both of your par-
ents have straight hair. You might have blue eves even though
both of vour parents have brown eyes. How does this happen?
People have investigated this question for a long time. About
150 years ago, Gregor Mendel performed important experi-
ments. His discoveries helped scientists begin to find some
answers Lo these questions.

WIS What is heredity? (See the Appendix for answers to
Feading Checks.)

Who Was Gregor Mendel?

Gregor Mendel, shown in Figure 1, was born in 1822 in
Heinzendorf, Austria. Mendel grew up on a farm and learned
a lot about flowers and fruit trees,

When he was 21 years old, Mendel entered a monastery.
The monks taught science and performed many scientific
experiments. From there, Mendel was sent to Vienna where
he could receive training in teaching. However, Mendel had
trouble taking tests. Although he did well in school, he was
unable to pass the final exam. He returned to the monastery
and put most of his energy into research. Mendel discovered
the principles of heredity in the monastery garden.

Unraveling the Mystery

From working with plants, Mendel knew that the patterns of
inheritance were not always clear. For example, sometimes a
trait that appeared in one generation (parents) was not present
in the next generation (offspring). In the generation after that,
though, the trait showed up again. Mendel noticed these kinds
of patterns in several other living things, too. Mendel wanted
lo learn more about what caused these patterns.

To keep his investigation simple, Mendel decided to study
only one kind of organism. Because he had studied garden pea
plants before, they seemed like a good choice.

Cofrnght © by Moll, Anehar) ond Wission. AN igh e tesaves



Self-Pollinating Peas

In fact, garden peas were a good choice for several reasons.
P'ea plants grow quickly, and there are many different kinds
available. They are also able to self-pollinate. A self-pollinating
Mant has both male and female reproductive structures. 5o,
pollen from one flower can fertilize the ovule of the same
flower or the ovule of another flower on the same plant, The
flower on the right side of Figure 2 is self-pollinating,.

Why is it important that pea plants can self-pollinate?
Because eggs (in an ovule) and sperm (in pollen) from the
same plant combine to make a new plant, Mendel was able
to grow Lrue-breeding plants. When a true-breeding plant sell-
pollinates, all of its offspring will have the same trait as the
parent. For example, a true-breeding plant with purple flowers
will always have offspring with purple flowers.

Pea plants can also cross-pollinate. In cross-pollination, pol-
len from one plant fertilizes the ovule of a flower on a different
plant. There are several ways that this can happen. Pollen may
be carried by insects to a flower on a different plant. Pollen can
also be carried by the wind from one flower to another. The
left side of Figure 2 shows these kinds of cross-pollination.

Cross-pollination ﬁ
by animals

Cross-pollination

Stigma .
- // by wind
\ -y
Y — Pollen
J Anther
Ovule

Figure 2 During pollination, pollen from the anthers
(male) is transferred to the stigma (female). Fertilization
occurs when a sperm from the pollen travels through the
stigma and enters the egg in an ovule.

Section 1
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Describing Traits

How would you describe
yourself? Would you say that
you are tall or short, have curly
hair or straight hair? Make a
list of some of your physical
traits. Make a second list of
traits that you were not born
with, such as “caring" or “good
at soccer” Talk to your family
about your lists. Do they agree
with your descriptions?

ATVily

Self-pollination

57
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Round Wrinkled

Tall Short
) |
Ll
Purple White
Figure 3 These are some of the
plant characteristics that Mende/
studied.

Figure 4 Mendel removed the anthers from
a plant that produced round seeds. Then,
he used pollen from a plant that produced
wrinkled seeds to fertilize the plant that

produced round seeds.

58 Chapter 3

Heredity

Characteristics

Mendel studied only one characteristic at a time. A character-
istic is a feature that has different forms in a population. For
example, hair color is a characteristic in humans. The different
forms, such as brown or red hair, are called traits. Mendel used
plants that had different traits for each of the characteristics
he studied. For instance, for the characteristic of Nower color,
he chose plants that had purple flowers and plants that had
white flowers. Three of the characteristics Mendel studied are
shown in Figure 3.

Mix and Match

Mendel was careful to use plants that were true breeding for
each of the traits he was studying. By doing so, he would
know what to expect if his plants were to self-pollinate. He
decided to find out what would happen if he bred, or crossed,
two plants that had different traits of a single characteristic.
To be sure the plants cross-pollinated, he removed the anthers
of one plant so that the plant could not self-pollinate. Then,
he used pollen [rom another plant to fertilize the plant, as
shown in Figure 4. This step allowed Mendel to select which
plants would be crossed to produce offspring.

This plant produces
wrinkled seeds.

This plant produces
round seeds.

Stigma

Anthers are
removed. ™

Coptight & Iy Holt, Rinshant and Yneon. Ml rights resared



Mendel's First Experiments

In his first experiments, Mendel crossed pea plants
to study seven different characteristics, In each
cross, Mendel used plants that were true breed-
ing for different traits for each characteristic. For
example, he crossed plants that had purple flowers
with plants that had white fowers. This cross is
shown in the first part of Figure 5. The offspring
from such a cross are called first-generation planis.
All of the first-generation plants in this cross had
purple flowers. Are vou surprised by the results?
What happened to the trait for white flowers?

Mendel got similar results for each cross.
One trait was always present in the first gen-
eration, and the other trait seemed to disappear
Mendel chose to call the trail that appeared the
dominant trait. Because the other trait seemed to
fade into the background, Mendel called it the
recessive trait. (To recede means “to go away or back
off.”) To find out what might have happened to
the recessive trait, Mendel decided to do another
set of experiments.

Mendel's Second Experiments

Mendel allowed the first-generation plants to
self-pollinate. Figure 5 also shows what happened
when a first-generation plant with purple flowers
was allowed to self-pollinate. As you can see, the
recessive trail for while flowers reappeared in the
second generation.,

Mendel did this same experiment on each of
the seven characteristics. In each case, some of the
second-generation plants had the recessive trait.

F [ERG LN 8 Describe Mendel’s second set of

experments.

Figure 5 Mendel used the pollen from a
plant with purple flowers to fertilize a plant
with white flowers. Then, e allowed the
offspring to self-pollinate.

Copyrgm £ by Holt, Rinchan and YWinston. Al ighis meered

dominant trait the trait observed in the first
generation when parents that have different traits
are bred

recessive trait a trait that reappears in the
second generation after disappearing in the first
generation when parents with different traits
are bred

Parent Generation

Pollen
transfer

First Generation
All flowers are
purple.

A mature plant is allowed
to self-pollinate.

Second Generation
For every three plants
with purple flowers,
there is one plant
with white flowers.

Section 1 Mendel and His Peas 59
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Understanding Ratios

A ratio is a way to com-
pare two numbers. Look at
Table 1. The ratio of plants
with purple flowers to plants
with white flowers can be
written as 705 to 224 or
705:224. This ratio can be
reduced, or simplified, by
dividing the first number by
the second as follows:

705 _ 315
224 1

which is the same thing as a

ratio of 3.15:1.

For every 3 plants with
purple flowers, there will be
roughly 1 plant with white
flowers. Try this problem:

In a box of chocolates,

there are 18 nougat-filled

chocolates and 6 caramel-
filled chocolates. What is
the ratio of nougat-filled
chocolates to caramel-
filled chocolates?

60 Chapter 3 Heredity

Ratios in Mendel's Experiments

Mendel then decided to count the number of plants with
each trait that turned up in the second generation. He hoped
that this might help him explain his results. Take a look at
Mendel's results, shown in Table 1.

As you can see, the recessive trait did not show up as often
as the dominant trait. Mendel decided to figure out the ratio
of dominant traits to recessive traits. A rafio is a relationship
between two different numbers that is often expressed as a
fraction. Calculate the dominant-to-recessive ratio for each
characteristic. (If vou need help, look at the Math Practice
at left.) Do you notice anything interesting about the ratios?
Round to the nearest whole number. Are the ratios all the
same, or are they different?

LTI What is a ratio?

Table 1 Mendel's Results

Dominant Recessive
Characteristic | traits traits Ratio
705 i 224 s
Flonwer color purple a J'] A 3.15:1
. =
6,002 2,001
Seed color yellow green ?
5,474 1,850 «
Seed shape round . wrinkled Q‘ !
428 152 4
Pod color green / yellow 7
882 299 5
Pod shape srn-::nt‘h‘/ Tk M ?
"o 0
651
Flower 207 siy
position ﬂgrrlng :‘i‘? ¥ at tip ”"f !
" L
Plant 787 T 277 'f '3 ?
height tall LY short =
o0

Copyr ight & oy Hol, Rinshait and Wneton. Al igns esared



Gregor Mendel-Gone but Not Forgotten

Mendel realized that his results could be explained
only if each plant had two sets of instructions for
each characteristic. Each parent would then donate
one set of instructions. In 1865, Mendel published
his findings. But good ideas are sometimes over-
looked or misunderstood at first. It wasn't until after

his death, more than 30 years later, that Mendel's
work was widely recognized. Once Mendel’s ideas
were rediscovered and understood, the door was
opened to modern genetics. Genetic research, as
shown in Figure 6, is one of the fastest changing
fields in science today.

SECTION
Review

Summary;

@ Heredity is the passing
of traits from parents to
offspring.

@ Gregor Mendel made
carefully planned experi-
ments using pea plants
that could self-pollinate.

# When parents with dif-
ferent traits are bred,
dominant traits are
always present in the
first generation. Reces-
sive traits are not visible
in the first generation
but reappear in the
second generation.

#® Mendel found a 3:1 ratio
of dominant-to-recessive
traits in the second
generation.

Copyrght © by Hot, Rirshan snd Winston. A8l rgsis ressryed
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Figure 6 This researcher is continuing the

work started by Gregor Mendel more than
100 years ago.

Using Key Terms

1.

Use each of the following terms
in a separate sentence: heredity,
dormiant trait, and recessive trail,

Understanding Key Ideas

2.

A plant that has both male and
female reproductive structures is
able to

a. self-replicate.

b. self-pollinate.

€. change colors.

d. None of the above

Explain the difference between

self-pollination and cross-
pollination.

. What is the difference between

a trait and a characteristic? Give
one example of each.

Describe Mendel's first set of
experiments.

Describe Mendel's second set of
experiments.

Math Skills

7

In a bag of chocolate candies,
there are 21 brown candies and
& green candies. What is the

ratio of brown to green? What
is the ratio of green to brown?

Critical Thinking
8. Predicting Consequences

Gregor Mendel used only true-
breeding plants. If he had used
plants that were not true breed-
ing, do you think he would have
discovered dominant and reces-
sive traits? Explain.

9. Applying Concepts In cats,

there are two types of ears: nor-
mal and curly. A curly-eared cat
mated with a normal-cared cat,
and all of the kittens had curly
ears. Are curly ears a dominant
or recessive trait? Explain.

10. Identifying Relationships List

three other fields of study that
use ratios.

~inws JIESTY

Nabenal Stiesce Teatheri Arsnnalion

For a variety of links related to this
chapter, go to www.scilinks.org
Topic: Heredity; Dominant and Th

Recessive Tradts
Solinks code: HSMOT3E; HIM0423




Traits and Inheritance

Mendel calculated the ratio of dominant traits to recessive
traits. He found a ratio of 3:1. What did this tell hirm about
how traits are passed from parents to offspring?

READING WARM-UP
Objectives A Great Idea
@ Explain how genes and alleles are Mendel knew from his experiments with pea plants that

related to genotype and phenotype. : _ _ ST, S . R
@ Use the inf e b there must be two sets of instructions for each characteristic,

square. The first-generation plants carried the instructions for both
@ Explain how probability can be used the dominant trait and the recessive trait. Scientists now call
to predict possible genotypes in these instructions for an inherited trait genes. Lach parent gives
offspring. one set of genes to the offspring. The offspring then has two
® Describe three '3’-'“'-?13"5‘3"5 to forms of the same gene for every characteristic—one from each
Wencdl s chsenafione, parent. The different forms {(often dominant and recessive) of
Terms to Learn a gene are known as alleles (uh LEELZ). Dominant alleles are
gene genotype shown with a capital letter. Recessive alleles are shown with
allele probability a lowercase letter,
phenatype F What is the difference between a gene and an

allele? (See e Appettdiz for aaswers o Reading Cliccks.)
READING STRATEGY

Paired Summarizing Read this section =~ Phenotype

silently. In pairs, take turns summariz- Genes affect the traits of offspring. An organism’s appearance

ing the material. Stop to discuss ideas ; TR ' PG, g pp , :

that seem confusing, is known as its phenotype (FEE noh TiEr). In pea plants, pos-
sible phenotypes for the characteristic of flower color would

be purple flowers or white flowers. For seed color, yvellow and

gene one set of instructions for green seeds are the different phenotypes.

an inherited trait Fhenotypes of humans are much more complicated than
allele ane of the altemative those of peas. Look al Figure 1 below. The man has an inheriled
forms of a gene thal governs a condition called albinism (AL buh xiz uhm). Albinism prevents
charactenstic, such as hair color hair, skin, and eves from having normal coloring.

phenotype an organism's
appearance or other detectable
characternstic

-

Figure 1 Albinism is an
inherited disorder that affecis
a person’s phenotype in
many ways.

62 Chapter 3




Genotype

Both inherited alleles together form an organ-
ism’'s genotype. Because the allele for purple
flowers (") is dominant, only one I allele is
needed for the plant to have purple flowers.
A plant with two dominant or two recessive
alleles is said Lo be homozygous (HoH moh ZIE
guhs). A plant that has the genotype Fp is said
to be heterozygous (HET uhr oH ZIE guhs).

Punnett Squares

A Punnett square is used to organize all
the possible combinations of olfspring from
particular parents. The alleles for a true-
breeding, purple-flowered plant are written
as PP. The alleles for a true-breeding, white-
flowered plant are written as pp. The Punnett
square for this cross is shown in Figure 2. All of
the offspring have the same genotype: Pp. The
dominant allele, F, in each genolype ensures
that all of the offspring will be purple-llowered
plants. The recessive allele, p, may be passed
on to the next generation, This Punnett square
shows the results of Mendel’s first experiments.

Quicii2y

1. Draw a square, and divide it into four sections.

2. Wilrite the letters that represent alleles from one
parent along the top of the box.

3. Write the letters that represent alleles from the
other parent along the side of the box.

4. The cross shown at right is between two plants
that produce round seeds. The genotype for
pach is Br. Round seeds are dominant, and
wrinkled seeds are recessive. Follow the arrows
to see how the inside of the box was filled.

The resulting alleles inside the box show all the

possible genotypes for the offspring from this
cross. What would the phenotypes for these
offspring be?

Copprgm € oy Hoit, Rinshan and YWinston, Al nghls sssned

A true-breeding
white flower {pp)

A true-breeding -
purple flower (PP} [

P& Pp

Figure 2 All of the offspring for this cross
have the same genotype—Pp.

genotype the entire genetic
makeup of an organism; also the
combination of genes far one or
mare specific traits

Section 2 Traits and Inheritance 63



Quick g2,

You have bwo guinea pigs.
Each has brown fur and the
genotype Bb. You want to
predict what their offspring
might look like. Try this to
find out.

1. Stick a piece of masking
tape on each side of two
quarters.

2. Label one side with a capi-

tal B and the other side
with a lowercase b.

3. Toss both coins 10 times,
making note of your
results each time.

4. How many times did you
get the bb combination?

5. What is the probability that

the next toss will resull
in bb7?

6. What are the chances that
the guinea pigs’ offspring
will have white fur (with
the genotype bb)?

probability the iikelihcod that a
possible future event will occur in
any given instance of the ewent

64 Chapter 3 Heredity

& A self-pollinatin
P B
' purple flower

Figure 3 This Punneft
square shows the
possible results from
the cross Pp % Pp.

Female alleles

p

More Evidence for Inheritance

In Mendels second experiments, he allowed the first
generation plants to self-pollinate. Figure 3 shows a self-
pollination cross of a plant with the genotype Pp. What are
the possible genotvpes of the offspring?

Notice that one square shows the genotype Pp, while
another shows pP, These are exactly the same genotype. The
other possible genotypes of the offspring are PI" and pp. The
combinations PP, Pp, and pf have the same phenotype—purple
flowers. This is because each contains at least one dominant
allele (P).

Only one combination, pp, produces plants that have
white flowers, The ratio of dominant Lo recessive is 3:1, jusl as
Mendel calculated from his data,

What Are the Chances?

Each parent has two alleles for each gene. When these alleles
are different, as in Pp, offspring are equally likely to receive
either allele. Think of a coin toss. There is a 50% chance you'll
gel heads and a 50% chance yvou'll get tails. The chance of
receiving one allele or another is as random as a coin toss.

Probability

The mathematical chance that something will happen is known
as probability. Probability is most often written as a fraction or
percentage. If you toss a coin, the probability of tossing tails
is 1/2—vou will get tails half the time.

WALZTTIPEEIEA What is probability?

Copyr ight & oy Hol, Rinshait and Wneton. Al igns esared
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Probability If vou roll a pair of dice, what is the probability

that yvou will roll 2 threes?

Step 1: Count the number of faces on a single die. Pul this
number in the denominator: 6,

Step 2: Count how many wavs vou can roll a three with one
die, Pul this number in the numerator: 1/6.

Step 3: To find the probability that vou will throw 2 threes,
multiply the probability of throwing the first three
by the probability of throwing the second three:
1/6 x 1/6 = 1/36.

Now It's Your Turn
If vou roll a single die, what is the probability that you
will roll an even number?

Calculating Probabilities

To find the probability that you will toss two heads in a row,
multiply the probability of tossing the first head (1/2) by the
probability of tossing the second head (1/2). The probability

of tossing two heads in a row is 1/4. 1

Genotype Probability

To have white flowers, a pea plant must receive a p allele from
each parent. Each offspring of a Pp = Pp cross has a 50% chance
of receiving either allele from either parent. 50, the probabil-
ity of inheriting two p alleles is 1/2 x 1/2, which equals 1/4,
or 25%. Trails in pea plants are easy to predict because there

Figure 4 These kittens inherited

! , ; one allefe from their mother for
are only two choices for each trait, such as purple or white  aqeh trait

flowers and round or wrinkled seeds. Look at Figure 4. Do vou
see only two distinct choices for fur color?

CONNECTION TO

Chemistny,

Round and Wrinkled Round seeds may look better, but wrin-
kled seeds taste sweeter. The dominant allele for seed shape, R,
causes sugar to be changed into starch (which is a storage mol-
ecule for sugar). This change makes the seed round. Seeds with
the genotype rr do not make or store this starch. Because the

sugar has not been changed into starch, the seed tastes sweeter. If
you had a pea plant with round seeds (Rr), what would you cross
it with to get some offspring with wrinkled seeds? Draw a Punnett

square showing your cross. A (e
pTiViT)y/

Section 2 Traits and Inheritance 65
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Figure 5 Cross-breeding fwo
true-breeding snapdragons
provides a good example of
incomplete dominance.

Figure 6 The

gene that gave this
tiger white fur also
influenced its eye

color.
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More About Traits

As you may have already discovered, things are often more
complicated than they first appear to be, Gregor Mendel uncov-
ered the basic principles of how genes are¢ passed from one
generation to the next. But as scientists learned more about
heredity, they began to find exceptions to Mendel’s principles.
A few of these exceptions are explained below.

Incomplete Dominance

Since Mendel's discoveries, researchers have found that some-
Limes one trait is not completely dominant over another. These
Lraits do not blend together, bul each allele has ils own degree
of influence, This 15 known as incomplete dominance,

One example of incomplete dominance is found in the snap-
dragon flower. Figure 5 shows a cross between a true-breeding
red snapdragon (R'R") and a true-breeding white snapdragon
(R’R®). As vou can see, all of the possible phenotvpes for their
offspring are pink because both alleles of the gene have some
degree of influence.

F LR e What is incomplete dominance?

One Gene, Many Traits

Sometimes one gene influences more than one trait. An
example of this phenomenon is shown by the white tiger in
Figure 6. The white fur is caused by a single gene, but this gene
influences more than just fur color. Do you see anything else
unusual about the tiger? If vou look closely, you'll see that
the tiger has blue eves. Here, the gene that controls fur color
also influences eye color.




Many Genes, One Trait

Some traits, such as the color of your skin, hair, and eyes,
are the result of several genes acting together. Therelore, it's
difficult to tell if some traits are the resull of a dominant or
a recessive gene. Different combinations of alleles result in
different eye-color shades, as shown in Figure 7.

The Importance of Environment

Lienes aren’l the only influences on trails. A guinea pig could
have the genes for long fur, but its fur could be cut. In the
same way, your environment influences how you grow. Your
genes may make it possible that vou will grow to be tall, but
vou need a healthy diet to reach vour full potential height,

Figure T Al least two genes
determine human eye color.
That'’s why many shades of a
single color are possible.

SECTION
Review

Using Key Terms

1. Use the following terms in the
same sentence: vere and aliele,

Interpreting Graphics

The Punnett square below shows the
alleles for fur color in rabbits. Black

! L fur, B, is dominant over white fur, b,
2. In your own words, write a defi-

nition for each of the following ? >
N

?| Bb Bb -
@ Wtriicticnis ki uis Understanding Key Ideas
inherited trait are called 3. Use a Punnett square to deter-
genes. For each gene, mine the possible genotypes of >| &b Bb
there are two alleles, the offspring of a B8 » Bb cross. =
one inherited from each a. all BE c. BE, Bb, bb L y
parent. Both alleles b. BB, Bb d. all bb
make up an organism’s 8. Given the combinations shown,

genotype. Phenotype 4. How are genes and alleles related what are the genotypes of the

is an organism's
appearance.

® Punnett squares show
all possible offspring
genotypes.

@ Probability can be used
to describe possible out-
comes in offspring and
the likelihood of each
outcome.

@ incomplete dominance
occurs when one allele
is not completely domi-
nant over the other
allele.

@ Some genes influence
more than one trait.

Copaign © iy Hol Rinenaim &0 Woneon, &1 107es e ad

to genotype and phenotype?

5. Describe three exceptions to
Mendel’s observations.

Math Skills

6. What is the probability of roll-
ing a five on one die three times
in a row?

Critical Thinking

7. Applying Concepts The allele
tor a clett chin, C, is dominant
among humans. What are the
results of a cross between prar-
ents with genotypes Ce and coc?

parernits?

9. If black fur had incomplete
dominance over white fur, what
color would the offspring be?

For a variety of links related to this
chapter, go to www.scilinks,org

Topic: Ganotypas: Phenobypes
Salinks code: HEMDGED; HEM1 135




READING WARM-UP

Objectives

@ Explain the difference between
mitosis and meinsis.

@ Describe how chromosomes deter-
mine Sex.

@ EBxplain why sexdinked disorders
OCeur in one sex more often than
in the other.

@ Interpret a pedigree.

Terms to Learn
homologous chromosomes
MEinsis

sex chromosome

pedigree

Reading Organizer As you read this
section, make a flowchart of the steps
of meiosis.

homolegous chromosomes
chromosomes that have the same
sequence of genes and the same
structure

meiosis a process in cell division

during which the number of chromo-

somes decreases to half the original
number by two divisions of the

nucleus, which results in the produc-

tion of sex celis

68 Chapter 3

Heredity

Meiosis

Where are genes located, and how do they pass information?
Understanding reproduction is the first step to finding the
(HSWETS.

There are two kinds of reproduction: asexual and sexual.
Asexual reproduction results in offspring with genotypes that
are exact copies of their parent’s genotype. Sexual reproduction
produces offspring that share traits with their parents but are
not exactly like either parent.

Asexual Reproduction

In asexual reproduction, only one parent cell is needed. The
structures inside the cell are copied, and then the parent cell
divides, making two exaclt copies. This type ol cell reproduc-
tion is known as mitosis. Most of the cells in your body and
most single-celled organisms reproduce in this way.

Sexual Reproduction

In sexual reproduction, two parent cells join together to form
offspring that are different from both parents. The parent cells
are called sex cells. Sex cells are different from ordinary body
cells, Human body cells have 46, or 23 pairs of, chromosomes,
One set of human chromosomes is shown in Figure 1. Chromo-
somes that carry the same sets of genes are called homologous
{(hoh MAHL uh guhs) chromesomes. Imagine a pair of shoes.
Each shoe is like a homologous chromosome. The pair rep-
resents a homologous pair of chromosomes. Bul human sex
cells are dilferent, They have 23 chromosomes—hall the usual
number. Each sex cell has only one of the chromasomes from
each homologous pair. Sex cells have only one “shoe.”

Figure 1 Human body
cells have 23 pairs of
chromosomes. One
member of a pair of
homaelogous chromosomes
is shown below.
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Meiosis

Sex cells are made during meiosis {mie OH sis).
Meiosis is a copving process that produces cells with
hall the usual number of chromosomes. Each sex
cell receives one-halfl of each homologous pair. For
example, a human egg cell has 23 chromosomes,
and a sperm cell has 23 chromosomes, The new
cell that forms when an egg cell and a sperm cell
join has 46 chromosomes.,

W LETITEE How many chromosomes does a

human egg cell have? (See the Appendix for answers Lo
Reading Clhecks.)

Genes and Chromosomes

What does all of this have to do with the location
of genes? Not long after Mendel's work was redis-
covered, a graduate student named Walter Sulton
made an important observation, Sutton was study-
ing 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 also knew from his own
studies that although eggs and sperm were differ-
ent, they did have something in common: Their
chromosomes were located inside a nucleus. Using
his observations of meiosis, his understanding of
Mendel'’s work, and some creative thinking, Sutton
proposed something very important:

Genes are located on chromosomes!

Understanding meiosis was critical to linding
the location of genes. Before you learn about meio-
sis, review mitosis, shown in Figure 2. Meiosis is
outlined in Figure 3 on the next two pages.

CONNMNECTION TOD
Language Arts

Greek Roots The word mitosis is related to a Greek
word that means “threads” Threadlike spindles are

visible during mitosis. The word meiosis comes from
a Greek word that means "to make smaller” How do
you think meiosis got its name?

Copprgm € oy Hoit, Rinshan and YWinston, Al nghls sssned

I ED Mitosis Revisited

) Each chromosome
is copied.

€3 the chromosomes
thicken and shorten.
Each chromosome
consists of two
identical copies,
called chromatids.

€) The nudear mem-
brane dissolves. The
chromatids line up
along the equator
- {center) of the cell.

) The chromatids
pull apart.

© The nudear mem-
brane forms around
the separated chro-
matids. The chromo-
somes unwind, and
the cell divides.

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

During mitosis, chromosomes are copied once, and then the
nucleus divides once. During meiosis, chromosomes are copied
once, and then the nucleus divides twice. The resulting sperm
and eggs have half the number of chromosomes of a normal
body cell. Figure 3 shows all eight steps of meiosis. Read about
each step as you look at the figure, Different types of living
things have different numbers of chromosomes. In this illus-
tration, only four chromosomes are shown.

F (AL IR Tl How many cells are made from one parent cell
during meiosis?

Steps of Meiosis

Read about 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.

; - The chromosomes sepa-
%;52‘;;}5 Ilu:r?]matids 3 rate from their homolo-
gous partners and then
chomosaes Each chromosome is move to apposite ends
now made up of two of the cell.
Before meiosis begins, the ic!eqtical chromatids.
chromosomes are in Similar chromosomes pair
a threadlike form. Each with one another, and
chromosome makes an the paired homologous
exact copy of itsell, forming chromosomes line up at
two halves called chroma- the equator of the cell.

fids. The chromosomes then
thicken and shorten into a
form that is visible under

a microscope. The nuclear
membrane disappears.

70 Chapter 3 Heredity
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Each cell contains one member
of each homologous chromo-
some pair. The chromaosomes
are not copied again between
the two cell divisions. The chromosomes
then line up at
the equator of

each cell.

The nuclear membranes
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

The chromatids pull apart and move
to oppasite ends of the cell. The
cell. Each new cell has half the

nuclear membrane forms around

the separated chromosomes, and number of chromosomes present in
the cells divide. the original cell.
Section 3 Meiosis 71
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E‘}M&‘}Iﬂgg/ Meiosis and Mendel

As Walter Sutton figured out, the steps in meiosis explained
For another activity related Mendel's results. Figure 4 shows what happens to a pair of
to this chapter, go to homologous chromosomes during meiosis and fertilization. The
E“"""'”“m TE::':!EP" in the cross shown is between a plant that is true breeding for round
' seeds and a plant that is true breeding for wrinkled seeds.
Each fertilized egg in the first generation had one domi-
nant allele and one recessive allele for seed shape. Only one
genotype was possible because all sperm formed by the male
parent during meiosis had the wrinkled-seed allele, and all of
the female parent’s eggs had the round-seed allele. Meiosis also
helped explain other inherited characteristics.

8. X) Meiosis and Dominance

Male Parent In the plant-cell Female Parent In the plant-cell
nucleus below, each homologous nucleus below, each homologous
chromosome has an allele for seed chromosome has an allele for seed
shape, and each allele carries the shape, and each allele carries the
same instructions: to make wrinkled same instructions: to make round
seeds. seads.

Wrinkled-seed Round-seed
alleles (rr) alleles (RR)
©) Following meiosis, Hllnih
each sperm cell has
a recessive allele for l
wrinkled seeds, and Sperm cell nudeus Egg cell nucleus
each egg cell has a
dominant allele for
round seeds.
Wrinkled-seed
() Fertilization of any ~ 2llele (1) Fertilization see f"J'
egg by any sperm
results in the same

en {Rr) and i
fhg u::':: dilenies® '-"-'l'll'l-l-dEd-EEEd allele {r)

(round). This result is
exactly what Mendel
found in his studies.

Round-seed allele (R)

First generation
(Rr)

712 Chapter 3 Heredity
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Sex Chromosomes

Information contained on chromosomes deter-
mines many of our trails. Sex chromosomes carry
genes Lhat determine sex. In humans, females have
two X chromosomes. But human males have one
X chromosome and one Y chromosome,

two X chromosomes in each body cell. When
meiosis produces the egg cells, each egg gets one X
chromosome. Males have both an X chromosome
and a Y chromosome in each body cell. Meiosis
produces sperm with either an X or a ¥ chromo-
some. An egg fertilized by a sperm with an X
chromosome will produce a female. If the sperm
contains a Y chromosome, the offspring will be
male, as shown in Figure 5.

During meiosis, one of each of the chromo- i
some pairs ends up in a sex cell. Females have
XX

Sl

Sex-Linked Disorders

The ¥ chromosome does not carry all of the genes of an X
chromosome. Females have two X chromosomes, so they carry
two copies of each gene found on the X chromosome, This
makes a backup gene available if one becomes damaged. Males
have only one copy of each gene on their one X chromosome.,
The genes [or 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
are more likely to have sex-linked disorders.

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 (Mee moh FIL ee uh) is another sex-
linked disorder. Hemophilia prevents blood from clotting, and
people wilh hemophilia bleed [or a long time alter small culs.
Hemophilia can be [alal.

X XX Xy
Figure 5 Egg and sperm

combine to form either the XX or
XY combineation.

sex chromosome one of the pair
of chromosomes that determine the
sex of an individual

Figure & This sfoplight in Canada is designed to help the
colorblind see signals easily. This photograph was taken
over a few minutes to show all three shapes.

SRR O 0y Hol, Rinen and Wirsion gl igits e reed
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m Pedigree for a Recessive Disease

Males Females Generation
@1  Vertical lines connect I
w children to their parents. ILT?
Mor® A solid square or circle I I I ]
indicates that the person ‘
has a certain trait. = k LT
1 1 3 a 5 6

b 0% A half-filled square or I |

: B 1
circle indicates that the
person is a camier of m ‘Tk
3 4

the trait. 1 2

Genetic Counseling

Hemophilia and other genetic disorders can be traced through
a family tree. If people are worried that they might pass a
disease to their children, they may consult a genetic coun-
selor. These counselors often make use of a diagram known
pedigree a diagram that shows the as a pedigree, which is a tool for tracing a trait through gen-

occurrence of a genetic trait in sev- erations of a family. By making a pedigree, a counselor can
eral generations of a family

often predict whether a person is a carrier of a hereditary
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 vour 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,

Figure 8 Roses have been organisms with desirable characteristics are mated. You have
selectively bred to create large, probably enjoyed the benefits of selective breeding, although
bright flowers. you may not have realized it. For example, you have probably

eaten an egg from a chicken that was bred to produce more
eggs. Your pet dog may be a result of selective breeding. Roses,
like the one shown in Figure 8, have been selectively bred to
produce large flowers. Wild roses are much smaller and have
fewer petals than roses that you could buy at a nursery.

74 Chapter 3 Heredity
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SECTION

Review

#® in mitosis, chromosomes are copied once, @ In humans, females have two X chromo-

and then the nudeus divides once. In somes. 50, each egg contains one X
meinsis, chromosomes are copied once, chromosome, Males have both an X and
and then the nudeus divides twice. a ¥ chromosome. So, each sperm cell con-

@ The process of meiosis produces sex cells, tains either an X or a ¥ chromosome.
which have half the number of chromao- @ Sex-linked disorders occur in males more
somes. These two halves combine during often than in females. Colorblindness and
reproduction. hemophilia are examples of sex-linked

disarders.

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

Using Key Terms interpreting Graphics
1. Use each of the following terms in the same Use this pedigree to answer the question below,
sentence: meiosis and sex chromasomies. @

Im gach of the following sentences, replace the
incormect term with the correct term from the word

bank. @
pedigree homologous chromosomes
meiosis mitosis

2. During fertilization, chromosomes are copied,
and then the nucleus divides twice. 8. s this disorder sex linked? Explain your

3. A Punnett square is used to show how inherited reascning.
traits move through a family. .
ritical Thinkin
4. During meiosis, sex cells line up in the middle Critica &

of the cell, 8. ldentifying Relationships Fut the following
in order of smallest to largest: chromaosome,
Understanding Key Ideas gene, and cell.
5. Genes are found on 10. Applying Concepts A pea plant has purple

| _ flowers. What alleles for flower color could the
d. CNromaosomes. sex colls L'E.]'E}'?
b. proteins.

c. alleles.

d. sex cells. SC k
) /iNks. _

. If there are 14 chromosomes in pea plant cells,
how many chromosomes are present in a sex
cell of a pea plant?

For a variety of links related to this
chapter, go to www.scilinks.org
Topic: Meioss; Genatie Diseases w‘n"'
Screening, Counseling
Scilinks code: H5MD935; HSMDES1

7. Draw the eight steps of meiosis, Label one
chromosome, and show its position In
each step.
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Build models to further your
understanding of inheritance.

Examine the traits of a
population of offspring.

MATERIALS

= allele sacks (14) (supplied by
your teacher)

« pumdrops, green and black
{feet)

« map pins (eyes)

= marshmallows, large (head and
body segments)

« pipe cleaners (tails)

» pushpins, green and blue
(noses)

* 5CiS5075

« toothpicks, red and green
(antennas)

SAFETY

> o

Model A ("Mom")

= 2 pairs of legs
* green nose

= black feet

* 3 eyes

76 Chapter 3 Heredity

Usmg SI:IEI'ItIflt Methods

Model:Making|Lab’

Bug Builders, Inc.

Imagine that you are a designer for a toy company that makes
toy alien bugs. The president of Bug Builders, Inc., wants new
versions of the wildly popular Space Bugs, but he wants to use
the bug parts that are already in the warehouse. It's your job to
come up with a new bug design. You have studied how traits
are passed from one generation to another. You will use this
knowledge to come up with new combinations of traits and
assemble the bug parts in new ways. Model A and Model B,
shown below, will act as the “parent” bugs.

Ask a Question

@ if there are two forms of each of the seven traits, then how
many possible combinations are there?

Form a Hypothesis

o Write a hypothesis that is a possible answer to the question
above. Explain your reasoning.

Test the Hypothesis

B Your teacher will display 14 allele sacks. The sacks will contain
slips of paper with capital or lowercase letters on them. Take
one piece of paper from each sack. (Remember: Capital letters
represent dominant alleles, and lowercase letters represent
recessive alleles.) One allele is from “Mom,” and one allele
is from "Dad” After you have recorded the alleles you have
drawn, place the slips of paper back into the sack.

= 3 pairs of legs
# blue nose
= green feet

L] IEWS 1|

Model B (“Dad")
« red antennae « green antennae
= 3 body segments \ = 2 body segments \\
= curly tail ' ' » straight tail
u"'

Copdighy 0 Iy B0k Finanad® ond Wineon: Al [ resineel



Bug Family Traits

Model A Model B New model New model
“Mom” “Dad” “Baby” “Baby”
Trait allele allele genotype phenotype
Antennae color
Number nf body segments.
Tail shape - 200K
Number of leg pairs | §OT WRITH
Nose color ?0
Foot color l
Number of eyes |

@) Create a table like the one above. Fill in the

first two columns with the alleles that you
selected from the sacks. Next, fill in the third
column with the genotype of the new model

("Baby").

o Use the information below to fill in the last col-

umn of the table.

lﬂ Mow that you have filled out your table, you

are ready to pick the parts you need to assem-
ble your bug. (Toothpicks can be used to hold
the head and body segments together and as
legs to attach the feet to the body.)

Analyze the Results

o Organizing Data Take a poll of the traits of

RR or Rr=red antennae rr—green antennae

55 or 5s-3 body segments | ss—2 body segments
.L'E -ur L:c—l:lilT}r_t_é |I_ EE—S‘lTﬂIéI"-I'.[ t;il .
LL or LI-3 pairs of legs fi—2 pairs of legs
‘BB or Bb-blue nose | bb—green nose
GG or Gg—green Ieet gg—black feet

.EE or EE—? eyes EE'—3| é‘,ﬂ:i -

'd

%

CopeTagin © by Hat, Rirsnam ani Wirsion, &1 ghis mesned

the offspring. What are the ratios for each trait?

o Examining Data Do any of the new models

look exactly like the parents? Explain.

Draw Conclusions
€) Interpreting Information What are the pos-

sible genotypes of the parent bugs?

© Making Predictions How many different

genotypes are possible in the offspring?

Applying Your Data

Find a mate for your “Baby” bug. What are the
possible genotypes and phenotypes of the off-
spring from this match?

Chapter Lab T7



USING KEY TERMS

Complete each of the following sen-
tences by choosing the correct term
from the word bank.

sex cells genotype
sex chromosomes alleles
phenotype meiosis

@ Sperm and eggs are known as :

© The is the expression of a trait
and is determined by the combination
of alleles called the .

© _ produces cells with half the nor-
mal number of chromosomes.

O Different versions of the same genes
are called ;

UNDERSTANDING KEY IDEAS
Multiple Choice

© Genes carry information that
determines

a. alleles.

b. ribosomes.

c. chromosomes.
d. traits.

© The process that produces sex cells is
a. mitosis.
b. photosynthesis.
.. Meiosis.
d. probability.

78 Chapter 3 Heredity

@ The passing of traits from parents to
offspring is called
a. probability.

b. heredity.

€. recessive.

d. meiosis.

© 1f you cross a white flower with the
genotype pp with a purple flower with
the genotype PI; the possible geno-
types in the offspring are
a. PP and pp.
b. all Pp.
c. all PP.

d. all pp.

© For the cross in item 8, what would
the phenotypes be?
a. all white
b. 3 purple and 1 white
¢. all purple
d. half white, half purple

@ In meiosis,
a. chromosomes are copied twice,
b. the nucleus divides once.

¢. four cells are produced from a
single cell.

d. two cells are produced from a
single cell.

@ When one trait is not completely
dominant over another, it is called
a. recessive.
b. incomplete dominance.
¢. environmental factors,
d. uncertain dominance.
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Short Answer

@ Which sex chromosomes do females
have? Which do males have?

(@ In one or two sentences, define the
term recessive traif in your own words.

() How are sex cells different from other
body cells?

D What is a sex-linked disorder? Give
one example of a sex-linked disorder
that is found in humans.

CRITICAL THINKING

(D Concept Mapping Use the following
terms to create a concept map: meiosis,
eggs, cell division, X chromosome, mitosis,
Y chromosome, sperm, and sex cells.

) \dentifying Relationships If you were a
carrier of one allele for a certain reces-
sive disorder, how could genetic coun-
seling help you prepare for the future?

(D Applying Concepts If a child has
blond hair and both of her parents

have brown hair, what does that tell
you about the allele for blond hair?
Explain.

(O Applying Concepts What is the geno-
type of a pea plant that is true-

breeding for purple flowers?

Copyrght © by Hot, Rirshan snd Winston. A8l rgsis ressryed

INTERPRETING GRAPHICS

Use the Punnett square below to answer
the questions that follow.

?

"

T £l IT

t Tt Tt

€ What is the unknown genotype?

€) If T represents the allele for tall pea
plants and ¢ represents the allele for
short pea plants, what is the pheno-
type of each parent and of the off-
spring?

@ If each of the offspring were allowed
to self-fertilize, what are the possible
genotypes in the next generation?

€D What is the probability of each geno-
type in item 227




Read the passages below. Then, answer the guestions that
follow each passage.

Passage 1 The different versions of a gene are
called aleles. When two different alleles occur
together, one is often expressed while the other
has no obvious effect on the organism's appear-
ance. The expressed form of the trait is domi-
nant. The trail that was not expressed when the
dominant form of the trait was present s called
recessive, Tmagine a plant that has both purple and
white alleles for flower color. If the plant blooms
purple, then purple is the dominant form of the
trait. Theratore, white is the recessive form.

1. According to the passage, which of the
following statements is true?
A All alleles are expressed all of the time.
B All traits for flower color are dominant.

€ When two alleles are present, the expressed
form of the trait is dominant.

D A recessive form of a trait is always expressed.

L. According to the passage, a trait that is not
expressed when the dominant form is present
is called

F recessive,
G an allele,
H heredity.
1 agene,

3. According to the passage, which allele for
Aoweer color is dominant?

A white
B pink

C purple
D vellow

80 Chapter 3 Heredity

Passage2 5ickle cell anemiais a recessive genetic
disorder. People inherit this disorder only when
they inherit the disease-causing recessive allele
from both parents. The disease causes the body
to make red blood cells that bend into a sickle {or
crescent moon) shape. The sickle-shaped red blood
cells break apart easily. Therelore, the blood of a
person with sickle cell anemia carries less oxygen,
Sickle-shaped blood cells also tend to get stuck in
Blood vessels. When a blood vessel is blocked, the
blood supply to organs can be cut off. But the
sickle-shaped blood cells can also protect a person
rom malaria. Malaria is a disease caused by an
organism that invades red blood cells.

V. According to the passage, sickle cell anemia is a
A recessive genetic disorder,
B dominant genetic disorder.

C disease caused by an organism that invades
red blood cells.

D disease also called malaria.

2. According to the passage, sickle cell anemia can
help protect a person from

F blocked blood vessels.
G penetic disorders,

H malaria.

I low oxygen levels.

3. Which of the following is a fact in the passage?

A When blood vessels are blocked, vital
organs lose their blood supply.

B When blood vessels are blocked, it causes
the red bood cells to bend into sickle
shapes.

€ The blood of a person with sickle cell
anemia carries more oxygen.

D Healthy red blood cells never get stuck in
blood vessels.
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INTERPRETING GRAPHICS

The Punnett square below shows a cross
between two flowering plants. Use this
Punnett square to answer the questions
that follow.

R r

r| Rr

1. What is the genotvpe of the offspring
representad in the upper left-hand box of the
Punnett square?

A [H
B Rr
C
D

2. What is the genotvpe of the offspring
represented in the lower right-hand box of the
Punnett square?

F KR
G Rr
H
1 m

3. What is the ratio of Rr (purple-flowered plants)
to i (white-flowered plants) in the offspring?

A 13
B 2.2
C 3
D 440

GEngHl by *idl Firsshar and Wirmlan Al a= gl L

MATH

Read each question below, and choose the
best answer,

1.

5. Which of the following is equal to —117

. What is another way to write 4 % 4 x 47

A 4
B 4
C3
D 3

Jane was making a design on top of her desk

with pennles. 5he put 4 pennies in the first
row, 7 pennies in the second row, and 13
pennies in the third row, If Jane continues this
pattern, how many pennies will she put in the
sixth row?

F 25

G 49

H &7

1193

Inn which of the following lists are the numbers
in arder from smallest to greatest?

A 0.012,0.120,0.123, 1.012
B 1.012,0.123, 0,120, 0.012
C 0.123,0.120,0.012, 1.012
D 0.123, 1.012, 0.120, 0.012

In which of the following lists are the numbers
in order from smallest to greatest?

F —12.0, —-155, 22,40
G —155 —12.0, 22,40
H -12.0, -15.5, 4.0, 2.2
1 2.2, 4.0 -12.0, -15.5

A7 +4

B —4+7
C -7+4
D -7+ -4

Catherine earned $75 for working 8.5 h. How
much did she earn per hour?

F 51012
G 59.75
H 35.82
1 5801

uonesedald 1s3] pazipiepuels
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Sclence
in Action
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Science, Technology,
and Society

Mapping the Human Genome

In 2003, scientists finished one of the most
ambitious research projects ever. Research-
ers with the Human Genome Project (HGP)
mapped the human body's complete set of
genetic instructions, which is called the
genome. You might be wondering whose
genome the scientists are decoding. Actu-
ally, it doesn't matter—only 0.1% of each
person’s genetic material is unique. The
rescarchers’ goals are to identify how tiny
differences in that 0.1% make each of us
who we are and to begin to understand how
some differences can cause disease. Sclen-
tists are already using the map to think of
new ways to treat genetic diseases, such as
asthma, diabetes, and kidney disease.

social studies ACTiViTy

%EI‘! Research DNA fingerprinting.
SKILL wyite a short report describing

how DNA fingerprinting has affected the
way criminals are caught.
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Weird Science

Lab Rats with Wings

Dirosophila melanogaster (droh SAHF i luh
muh vax uh GAS tuhr) is the scientific name
for the fruit fly. This tiny insect has played
a big role in helping scientists understand
many illnesses. Because fruit flies reproduce
every 2 weeks, scientists can alter a fruit fly
gene and see the results of the experiment
very quickly. Another important reason for
using these “lab rats with wings” is that their
genetic code is simple and well understood.
Fruit flies have 12,000 genes, but humans
have more than 25,000. Scientists use fruit
flies to find out about diseases like cancer,
Alzheimer's, and muscular dystrophy.

W The mythical creature called the
Chimera (kie MIR uh) was said

to be part lion, part goat, and part serpent.
According to legend, the Chimera terror-
ized people for years until it was killed by
a brave hero. The word chimera now refers
to any organism that has parts from many
organisms. Write a short story about the
Chimera that describes what it looks like
and how it came to be.
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Careers
Stacey Wong

Genetic Counselor if your family had a
history of a particular disease, what would
vou do? Would you eat healthier foods,
get more exercise, or visit your doctor
regularly? All of those are good ideas, but
Stacey Wong went a step farther. Her fam-
ily's history of cancer helped her decide
to become a genetic counselor, “Genetic
counselors are usually part of a team of
health professionals,” she says, which
can include physicians, nurses, dieticians,
social workers, laboratory personnel, and
others. “If a diagnosis is made by the
geneticist,” says Wong, “then | provide
genetic counseling.” When a patient vis-
its a genetic counselor, the counselor asks
many questions and builds a family medi-
cal history. Although counseling involves
discussing what it means to have a genetic
condition, Wong says “the most impor-
tant part is to get to know the patient or
family we are working with, listen to their
concerns, gain an understanding of their
values, help them to make decisions, and
be their advocate.”

math BTiViTy

The probability of inheriting
genetic disease A is 1/10,000.
The probability of inheriting
genetic disease B is also
1/10,000. What is the probability
that one person would inherit
both genetic diseases A and B?

gselll Check out Current Science”
To leam more about these articles related to this chapter
Science in Action topics, visit by visiting go.hrw.com. Just
go.hrw.com and type in the type in the keyword HL5CS05.
keyword HLSHERF.

Science in Action a3
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