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Are traits inherited?

Procedure

1. Look at your classmates. Note how they vary in the
shape of the front hairline, the space between the
two upper front teeth, and the way in which the
earlobes are attached.

2. Make a list of the different forms of these traits that
you have observed in the class or among other
people you know.

The varied patterns of stripes on
zebras are due to differences in
genetic makeup. No two zebras
have identical stripe patterns.

Think About It

1. Inferring Could these traits be inherited? From
whom could they be inherited?

2. Inferving How is it possib'le that these traits could
be found in a person and his or her biological
grandparents but not in the biological parents?




at is an inheritance? To most people, it is money or
‘property left to them by a relative who has passed away.
¢ kind of inheritance is important, of course. There is

her form of inheritance, however, that matters even more.
is inheritance has been with you from the very first day you
e alive—your genes,

' Every living thing—plant or animal, microbe or human
'g'-—has a set of characteristics inherited from its parent
rrents. Since the beginning of recorded history, people

s wanted to understand how that inheritance is passed

1 generation to generation. More recently, however, scientists
ve begun to appreciate that heredity holds the key to under-
ding what makes each species unique. As a result,

ics, the scientific study of heredity, is now at the core of
ution in understanding biology.

regor Mendel's Peas

The work of an Austrian monk named Gregor Mendel, shown in
11-1, was particularly important to understanding

ogical inheritance. Gregor Mendel was born in 1822 in what
v the Czech Republic. After becoming a priest, Mendel
several years studying science and mathematics at the
versity of Vienna. He spent the next 14 years working in the
astery and teaching at the high school. In addition to his
aching duties, Mendel was in charge of the monastery garden.
his ordinary garden, he was to do the work that changed

ogy forever.

endel carried out his work with ordinary garden peas. He
that part of each flower produces pollen, which contains the
t's male reproductive cells, or sperm. Similarly, the female

of the flower produces egg cells. During sexual reproduc-
’male'and female reproductive cells join, a process known as
ation. Fertilization produces a new cell, which develops
tiny embryo encased within a seed. Pea flowers are normally
P llinating, which means that sperm cells in pollen fertilize

g cells in the same flower. The seeds that are produced by
llination inherit all of their characteristics from the single
it that bore them. In effect, they have a single parent.

When Mendel took charge of the monastery garden, he had
1‘5311 stocks of pea plants. These peas were true-breeding,
ing that if they were allowed to self-pollinate, they would
2ouce offspring identical to themselves. One stock of seeds

ulfl Produce only tall plants, another only short ones. One line
only green seeds, another only yellow seeds. These

b ééding plants were the basis of Mendel’s experiments.

gque for Reaﬁ%igi

Key Concepts

* What is the principle of
dominance?

* What happens during
segregation?

Vocabulary

genetics e fertilization
true-breeding e trait o hybrid
gene e allele » segregation
gamete

Reading Strategy:
Finding Main Ideas As you
read, find evidence to support
the following statement:
Mendel’s ideas about genetics
were the beginning of a new
area of biclogy.

A Figure 11-1 Gregor Mendel’s
experiments with pea plants laid the
foundations of the science of
genetics.
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< Figure 11-2 To cross-pollinate pea plants, Mendel cut
off the male parts of one flower and then dusted it with
polien from another flower. Applying Concepts How did
this procedure prevent self-pollination?

Male

{

il

; Pea Flower
:j i
{ parts
|

Mendel wanted to produce seeds by joining male and
female reproductive cells from two different plants. To do
this, he had to prevent self-pollination. He accomplished
this by cutting away the pollen-bearing male parts as

shown in Figure 11-2 and then dusting pollen from
: ‘ Cross-Pollination another plant onto the flower. This process, which is
|

| Female part

known as cross-pollination, produced seeds that had two
different plants as parents. This made it possible for
Mendel to cross-breed plants with different characteris-
tics and then to study the results.

%%:HECKPOII\_IT What is fertilization?

Genes and Dominance

Y , Mendel studied seven different pea plant traits. A trait is
i o Pollen - aspecific characteristic, such as seed color or plant

| height, that varies from one individual to another. Each of
the seven traits Mendel studied had two contrasting
characters, for example, green seed color and yellow seed
color. Mendel crossed plants with each of the seven
contrasting characters and studied their offspring. We

] , i ¥ Figure 11-3 When Mendel call each original pair of plants the P (parental) genera-

! crossed plants with contrasting tion. The offspring are called the Fy, or “first filial ”

N f characters for the same trait, the generation. Filius and /i/ia are the Latin words for “son”

‘ ; resulting offspring had only one of P » X

| j the characters. € From these and “daughter.” The offspring of crosses between parents
! experiments, Mendel concluded with different traits are called hybrids.

that some alleles are dominant
and others are recessive.
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Whatrwere those F'y hybrid plants like? Did the characters of
sarent plants blend in the offspring? Not at all. To Mendel’s
ise, all of the offspring had the character of only one of the
flﬁs ’a's showniin Figure 11-3. In each cross, the character of
ﬂiér parent seemed to have disappeared. .
wom this set of experiments, Mendel drew two conclusions.
J’s first conclusion was that biological inheritance is deter-
by factors that are passed from one generation to the next.
“geientists call the chemical factors that determine traits
Each of the traits Mendel studied was controlled by one
that occurred in two contrasting forms. These contrasting
pfbducéd the different characters of each trait. For exam-
he gene for plant height occurs in one form that produces tall
ats and in another form that produces short plants. The
“rent forms of a gene are called alleles (uh-LEELZ).
endel’s second conclusion is called the principle of domi-
€= The principle of dominance states that some
es are dominant and others are recessive. An organism
‘dominant allele for a particular form of a trait will always
it that form of the trait. An organism with a recessive allele
particular form of a trait will exhibit that form only when
ominant allele for the trait is not present. In Mendel’s
riments, the allele for tall plants was dominant and the
lele for short plants was recessive. The allele for yellow seeds
dominant, while the allele for green seeds was recessive.

e
Segregation
el wanted the answer to another question: Had the reces- ¥V Figure 11-4 When Mendel
leles disappeared, or were they still present in the Fy gllowf;d tf;lg Fy .plantﬁ to reproduce
s?To answer this question, he allowed all seven kinds of F; y seli-potiination, the traits con-

- trolled b essive alleles d
id plants to produce an Fy (second filial) generation by self- 070 Y TECesSVE e es reappeare

7 ; in about one fourth of the F, plants
ation. In effect, he crossed the F; generation with itself to in each cross. Calculating What

uce the Fy offspring, as shown in Figure 11-4. proportion of the F, plants had a trait
S ' controlled by a dominant allele?

P VGeneration

F, Generation F, Generation

LR R BRI A iy

Tall Tall Tall  Tall Tall Short
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Segregation

tg: ] Gametes

i

A Figure 11-5 & During
gamete formation, alleles segre-
gate from each other so that each
gamete carries only a single copy
of each gene. Each Fy plant
produces two types of gametes—
those with the allele for tallness
and those with the allele for
shortness. The alleles are paired up
again when gametes fuse during
fertilization. The TT and Tt allele
combinations produce tall pea
plants; ttis the only allele combina-
tion that produces a short pea
plant.

The Fy Cross The results of the Iy cross were remarkable.
When Mendel compared the Fy plants, he discovered that the
traits controlled by the recessive alleles had reappeared!
Roughly one fourth of the Fg plants showed the trait controlled
by the recessive allele. Why did the recessive alleles seem to
disappear in the ¥y generation and then reappear in the Fy
generation? To answer this question, let’s take a closer look at
one of Mendel’s crosses.

Explaining the F; Cross To begin with, Mendel assumed
that a dominant allele had masked the corresponding recessive
allele in the ¥y generation. However, the trait controlled by the
recessive allele showed up in some of the Fy plants. This
reappeardnce indicated that at some point the allele for short-
ness had been separated from the allele for tallness. How did
this separation, or segregation, of alleles occur? Mendel
suggested that the alleles for tallness and shortness in the F;
plants segregated from each other during the formation

of the sex cells, or gametes (GAM-eetz), Did that suggestion
make sense?

Let’s assume, as perhaps Mendel did, that the F, plants
inherited an allele for tallness from the tall parent and an allele
for shortness from the short parent. Because the allele for
tallness is dominant, all the F; plants are tall. €
F, plant flowers and produces gametes, the two alleles
segregate from each other so that each gamete carries
only a single copy of each gene. Therefore, each F, plant
produces two types of gametes—those with the allele for
tallness and those with the allele for shortness.

Look at Figure 11-5 to see how alleles separated during
gamete formation and then paired up again in the Fqy genera-
tion. A capital letter T represents a dominant allele. A lowercase
letter ¢ represents a recessive allele. The result of this process is
an Iy generation with new combinations of alleles.

Key Concept What are
dominant and recessive alleles?

e’ Key Concept Whatis
segregation? What happens to
alleles during segregation?

3, What did Mendel conclude
determines biological inheri-
tance?

4. Describe how Mendel cross-
pollinated pea plants.
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5. Why did only about one fourth of

6. Critical Thinking Applying

Using Diagrams

Use a diagram to explain
Mendel’s principles of domi-
nance and segregation.
Your diagram should show
how the alleles segregate
during gamete formation.

Mendel’s F, plants exhibit the
recessive trait?

Concepts Why were true-
breeding pea plants important
for Mendel’s experiments?




1-2 Probabili

henever Mendel performed a cross with pea plants, he
carefully categorized and counted the many offspring.

ry time Mendel repeated a particular cross, he obtained
{rilar results. For example, whenever Mendel crossed two

ants that were hybrid for stem height (T%), about three fourths
+f the resulting plants were tall and about one fourth were

sh’oft. Mendel realized that the principles of probability could be
sd to explain the results of genetic crosses. ¢

1 1 1 1
5 XgX3=8§.

HOW is coin flipping relevant to genetics? The way
thh alleles segregate is completely random, like a
{] The principles of probability can be
d to predict the outcomes of genetic crosses.

: What is the probability that a tossed coin will
me up tails twice in a row?

.

P> Figure 11-6 The mathematical concept
of probability allows you to calculate the
likelihood that a particular event will occur,
Predicting What is the probability that the
coin will land heads up?

ity and Punnett Squares

Guide for Reading

257 = e Sy )

Co Key Concepts

* How do geneticists use the
principles of probability?

* How do geneticists use
Punnett squares?

Vocabulary
probability
Punnett square
homozygous
heterozygous
phenotype
genotype

Reading Strategy:
Building Vocabulary Before
you read, preview the list of new
vocabulary words. Predict the
relationship between phenotype
and genotype. As you read,
check to see if your predictions
were correct.
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How are dimples inherited?

Materials copy of page from telephone book,
calculator

Procedure

1. Write the last 4 digits of any telephone number.
These 4 random digits represent the alleles of a
gene that determines whether a person will have
dimples. Odd digits represent the allele for the
dominant trait of dimples. Even digits stand for the
allele for the recessive trait of no dimples.

2. Use the first 2 digits to represent a certain father's
genotype. Use the symbols D and d to write his
genotype, as shown in the example.

3. Use the last 2 digits the same way to find the
mother’s genotype. Write her genotype.

Father’s genotype Mother’s genotype
is dd (2 even digits) is Dd (1 even digit
and 1 odd digit)

4638

4. Use Figure 11-7 as an example to construct a
Punnett square for the cross of these parents. Then,
using the Punnett square, determine the probabil-
ity that their child will have dimples.

5. Determine the class average of the percent of
children with dimples,

Analyze and Conclude

1. Applying Concepts How does the class average
compare with the result of a cross of two heterozy-
gous parents?

2. Drawing Conclusions What percentage of the
children will be expected to have dimples if one
parent is homozygous for dimples (DD) and the
other is heterozygous (Dd)?

Punnett Squares

The gene combinations that might result from a genetic

cross can be determined by drawing a diagram known as
a Punnett square. The Punnett square in Figure 11-7
shows one of Mendel’s segregation experiments. The types
of gametes produced by each F{ parent are shown along
the top and left sides of the square. The possible gene
combinations for the Fy offspring appear in the four
boxes that make up the square. The letters in the
Punnett square represent alleles. In this example, T'
represents the dominant allele for tallness and ¢ repre-
sents the recessive allele for shortness. €
squares can be used to predict and compare the
genetic variations that will result from a cross.
Organisms that have two identical alleles for a partic- :
ular trait—7'T or ¢¢ in this example—are said to be
homozygous (hoh-moh-ZY-gus). Organisms that have
two different alleles for the same trait are heterozygous
(het-ur-oh-ZY-gus). Homozygous organisms’are true-
breeding for a particular trait. Heterozygous organisms
are hybrid for a particular trait.
All of the tall plants have the same phenotype, or
A Figure 11-7 C®The principles of physical characteristics. They do not, however, have the
probability can be used to predict the same genotype, or genetic makeup. The genotype of one
outcomes of genetic crosses. This third of the tall plants is T'T, while the genotype of two
Punnett square shows the probability thirds of the tall plants is 7% The plants in Figure 11-8

f each ible out f .
gefvilceenp?wi/stlari j falﬁ ??Sﬁ Seoa ;];:rr:)t;s have the same phenotype but different genotypes.
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e del’s model.

e Key Concept How are the
principles of probability used to

predict the outcomes of genetic
rosses?

& Key Concept How are
‘unnett squares used?
What is probability?

Define the terms genotype and
pbenrotype.

robability and Segregation

~ok again at Figure 11-7. One fourth (1/4) of the F, plants have
~ lleles for tallness (T'T); 2/4, or 1/2, of the Fy plants have one
e for tallness and one allele for shortness (T¢). Because the
% lele for taliness is dominant over the allele for shortness, 3/4
he Fy plants should be tall. Overall, there are 3 tall plants
gvery 1 short plant in the Iy, generation. Thus, the ratio of
1 plants to short plants is 8 : 1. This assumes, of course, that
Mendel’s model of segregation is correct.
Did the data from Mendel’s experiments fit his model? Yes.
The predicted ratio—3 dominant to 1 recessive—showed up
consbistently, indicating that Mendel’s assumptions about
Segfégation had been correct, For each of his seven crosses,
Shout 8/4 of the plants showed the trait controlled by the
Jominant allele. About 1/4 showed the trait controlled by the
ecessive allele. Segregation did indeed occur according to

robabilities Predict Averages

Probabilities predict the average outcome of a large number of
events. However, probability cannot predict the precise outcome
an individual event. If you flip a coin twice, you are likely to
et one head and one tail. However, you might also get two

sads or two tails. To be more likely to get the expected 50 : 50

Thé same is true of genetics. The larger the number of off-

ring, the closer the resulting numbers will get to expected

1 contains hundreds or thousands of individuals, however, the
tios usually come very close to matching expectations.

5. Critical Thinking Problem
Solving An Fq plant that is
homozygous for shortness is
crossed with a heterozygous F,
plant. What is the probability that
a seed from the cross will pro-
duce a tall plant? Use a Punnett
square to explain your answer
and to compare the probable
genetic variations in the F,
plants.

Homozygous

Heterozygous

A Figure 11-8 Although these
plants have different genotypes
(TT and Tt), they have the same
phenotype (tall). Predicting If you
crossed these two plants, would their
offspring be tall or short?

Drawing Punnett Squares
_ Imagine that you came upon
a tall pea plant similar to
those Mendel used in his
experiments. How could you |
determine the plant’s geno-
© type with respect to height?
Draw two Punnett squares to
show your answer.
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) Key Concepts

* What is the principle of
independent assortment?

* What inheritance patterns
exist aside from simple
dominance?

Vocabulary
independent assortment
incomplete dominance
codominance

muitiple alleles
polygenic traits

Reading Strategy:
Finding Main ideas Before
you read, draw a line down the
center of a sheet of paper. On
the left side, write down the
main topics of the section. On
the right side, note supporting
details and examples.
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fter showing that alleles segregate during the formation of
gametes, Mendel wondered if they did so independently. In
other words, does the segregation of one pair of alleles affect the
segregation of another pair of alleles? For example, does the
gene that determines whether a seed is round or wrinkled in
shape have anything to do with the gene for seed color? Must a
round seed also be yellow?

Independent Assortment

To answer these questions, Mendel performed an experiment to
follow two different genes as they passed from one generation to
the next. Mendel’s experiment is known as a two-factor cross.

The Two-Factor Cross: Fy First, Mendel crossed true-
breeding plants that produced only round yellow peas
(genotype RRYY) with plants that produced wrinkled green
peas (genotype rryy). All of the F; offspring produced round
yellow peas. This shows that the alleles for yellow and round
peas are dominant over the alleles for green and wrinkled peas.
A Punnett square for this cross, shown in Figure 11-9, shows
that the genotype of each of these Fy plants is RrYy.

This cross does not indicate whether genes assort, or segre-
gate, independently. However, it provides the hybrid plants
needed for the next cross—the cross of ¥; plants to produce the
Fy generation.

Figure 11-9 Mendel crossed plants that were homozygous
dominant for round yellow peas with plants that were homozy-
gous recessive for wrinkled green peas. All of the Fy offspring
were heterozygous dominant for round yellow peas.
Interpreting Graphics How is the genotype of the offspring
different from that of the homozygous dominant parent?

rryy

ty ry ry ry

RY | RrYy | ReYy | RrYy | RrYy

RY | RrYy | RrYy | RrYy | RrYy

RY | RrYy | RrYy | RrYy | RrYy

RY | RrYy | RrYy | Riryy | RrYy




Two-Factor Cross: F; Mendel knew that the Fy plants
genotypes of RrYy. In other words, the F; plants were all
terozygous for both the seed shape and seed color genes. How
i1d the alleles ségreégate when the Iy plants were crossed to
c‘hi other to produce an Fy generation? Remember that each

ot in the Fy generation was formed by the fusion of a gamete
arrﬁﬁg the dominant RY alleles with another gamete carrying
is recessive ry alleles. Did this mean that the two dominant

RY

RRYY

¥
Rryy

sles would always stay together? Or would they “segregate
pendently,” so that any combination of alleles was possible?

p
“Tn Mendel’s experiment, the I, plants produced 556 seeds. ArYy

ondel compared the variation in the seeds. He observed that

Yy

15 seeds were round and yellow and another 82 were wrinkled
and green, the two parental phenotypes. However, 209 of the seeds
d combinations of phenotypes—and therefore combinations of

ry

Rryy

Yy

Rryy

ryy

eles—not found in either parent. This clearly meant that the
{leles for seed shape segregated independently of those for seed
or—a principle known as independent assortment. Put
another way, genes that segregate independently—such as the
enes for seed shape and seed color in pea plants—do not influ-
1o cach other’s inheritance. Mendel’s experimental results were
ery close to the 9 : 3 : 3: 1 ratio that the Punnett square shown in
igure 11-10 predicts. Mendel had discovered the principle of
idependent assortment. ¢ g The principle of independent
ssortment states that genes for different traits can segre-
ate independently during the formation of gametes.
ndependent assortment helps account for the many

netic variations observed in plants, animals, and other

|
F, Generation

A Figure 11-10 @ When _
Mendel crossed plants that were
heterozygous dominant for round
yellow peas, he found that the
alleles segregated independently
to produce the F, generation,

m Solving )

B

Producing True-Breeding Seeds

suppose you work for a company that specializes in
ornamental flowers. One spring, you find an orna-
mental plant with beautiful lavender flowers. Knowing
that these plants are self-pollinating, you harvest
seeds from it. You plant the seeds the following
season. Of the 106 test plants, 31 have white flowers.

Is.there a way to develop seeds that produce only
lavender flowers?

Defining the Problem Describe the problem that

squares, to draw conclusions about the nature of the
allele for these lavender flowers.

Mmust be solved to make the lavender-flowered plants
écommercial success.

'Ol'ganiz’ing Information The first lavender
fIO\{Ver produced offspring with both lavender and
White flowers when allowed to self-pollinate. Use your

I:<f'1,0W|edge of Mendélian genetics, including Punnett

‘Creating a Solution Write a description of how

you would produce seeds guaranteed to produce 100
percent lavender plants. A single plant-can produce as
many as 1000 seeds.

Presenting Your Plan Prepare a step-by-step
outline of your plan, including Punnett squares when
appropriate. Present the procedure to your class.
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Figure T1-11 & Some alleles
are neither dominant nor recessive.
in four o’clock plants, for example, the
alleles for red and white flowers show
incomplete dominance. Heterozygous
(RW) plants have pink flowers—a mix of
red and white coloring.

RR

A Summary of Mendel's Principles

Mendel’s principles form the basis of the modern science of

genetics. These principles can be summarized as follows:

* The inheritance of biological characteristics is determined
by individual units known as genes. Genes are passed from
parents to their offspring.

* In cases in which two or more forms (alleles) of the gene for
a single trait exist, some forms of the gene may be dominant
and others may be recessive.

* In most sexually reproducing organisms, each adult has two
copies of each gene—one from each parent. These genes are
segregated from each other when gametes are formed.

* The alleles for different genes usually segregate independ-
ently of one another.

Beyond Dominant and Recessive Alleles

Despite the importance of Mendel’s work, there are important
exceptions to most of his principles. For example, not all genes
show simple patterns of dominant and recessive alleles. In most
organisms, genetics is more complicated, because the majority of
genes have more than two alleles. In addition, many important
traits are controlled by more than one gene. € _z» Some alleles
are neither dominant nor recessive, and many traits are
controlled by multiple alleles or multiple genes.

Incomplete Dominance A cross between two four o’clock
(Mirabilis) plants shows one of these complications. The F; gener-
ation produced by a cross between red-flowered (RR) and white-
flowered (WW) plants consists of pink-colored flowers (RW), as
shown in Figure 11-11. Which allele is dominant in this case?
Neither one. Cases in which one allele is not completely domi-
nant over another are called incomplete dominance.
In incomplete dominance, the heterozygous phenotype is
somewhere in between the two homozygous phenotypes.

Codominance A similar situation is codominance,

in which both alleles contribute to the phenotype. For
example, in certain varieties of chicken, the allele for
black feathers is codominant with the allele for white
feathers. Heterozygous chickens have a color described
as “erminette,” speckled with black and white feathers.
Unlike the blending of red and white colors in heterozy-

R R
w
ww
14 RW .-+ P

gous four o’clocks, black and white coldrs appear sepa-
rately. Many human genes show codominance, too,
including one for a protein that controls cholesterol
levels in the blood. People with the heterozygous form of
the gene produce two different forms of the protein, each
with a different effect on cholesterol levels.
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Coat color in_rabbits is determined by a single gene that has at least four differ-
ent alleles. Different combinations of alleles result in the four colors you see here,
nterpreting Graphics What allele combinations can a chinchilla rabbit have?

ool Ty

o
" or Cc

Albino: cc

full color; dominant
to all other alleles

= chinchilla; partial
defect in pigmenta-
tion; dominant to
" and c alleles

Himalayan; color
in certain parts of
body; dominant
to c allele

albino; no color;
recessive to all
other alleles

Multiple Alleles Many genes have more than two alleles
nd are therefore said to have multiple alleles.
ean that an individual can have more than two

means that more than two possible alleles exist in a population,

One of the best-known examples is coat color in rabbits, A

rabbit’s coat color is determined by a single gene that has at

ast four different alleles. The four known alleles display a

four possible coat
. Many other genes have multi-
g the human genes for blood type.

olygenic Traits
1 of several genes,
aid to be polygenic

This does not
alleles. It only

le alleles, includin

Many traits are produced by the interac-
Traits controlled by two or more genes are
7 traits, which meang “having many genes.”
For example, at least three genes are involved in making the
eddish-brovvn pigment in the eyes of fruit flies. Different
Ombinat_ions' of alleles for these genes produce very different
£ye colors, Polygenic traits often show a wide range of pheno-
types. For example, the wide range of skin color in humans

omes about partly because more than four different genes
Probably control this trait,

0INTs What are multiple alleles?

Go @nline

ok

c
For: Links on Punnett [/NKS
squares
Visit: www.SciLinks.org

Weh Code: chn-4112
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A Figure 11-13 The common
fruit fly is a popular organism for
genetic research. Inferring Why are
fruit flies easier to use for genetic
research than large animals, such as
dogs?

(& Key Concept Explain
what independent assortment
means.

¥ ey Concept Describe
two inheritance patterns besides
simple dominance.

3. What is the difference between
incomplete dominance and
codominance?

4. Why are fruit flies an ideal
organism for genetic research?
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5. Critical Thinking Comparing

B ]
Applying Mendel's Principles
Mendel’s principles don’t apply only to plants. At the beginning of
the 1900s, the American geneticist Thomas Hunt Morgan decided
to look for a model organism to advance the study of genetics, He
wanted an animal that was small, easy to keep in the laboratory,
and able to produce large numbers of offspring in a short period of
time. He decided to work on a tiny insect that kept showing up,
uninvited, in his laboratory. The insect was the common fruit fly,
Drosophila melanogaster, shown in Figure 11-13,

Morgan grew the flies in small milk bottles stoppered with
cotton gauze. Drosophila was an ideal organism for genetics
because it could produce plenty of offspring, and it did so quickly.
A single pair; of flies could produce as many as 100 offspring.
Before long, Morgan and other biologists had tested every one of
Mendel’s principles and learned that they applied not just to pea
plants but to other organisms as well.

Mendel’s principles also apply to humans. The basic principles
of Mendelian genetics can be used to study the inheritance of
human traits and to calculate the probability of certain traits
appearing in the next generation. You will learn more about
human genetics in Chapter 14.

Genetics and the Environment

The characteristics of any organism, whether bacterium, fruit fly,
or human being, are not determined solely by the genes it inherits.
Rather, characteristics are determined by interaction between
genes and the environment. For example, genes may affect a
sunflower plant’s height and the color of its flowers. However,
these same characteristics are also influenced by climate, soil
conditions, and the availability of water. Genes provide a plan for
development, but how that plan unfolds also depends on the
environment,

Problem Solving

Construct a genetics problem
to be given as an assignment
to a classmate. The problem
must test incomplete domi-
nance, codominance, multi-
ple alleles, or.polygenic traits.
Your problem must have an
answer key that includes ali of
your work.

and Contrasting A geneticist
studying coat color in animals
crosses a male rabbit having the
genotype CC with a female
having genotype Cc". The
geneticist then crosses a cc” male
with a Cce female. In which of the
two crosses are the offspring
more likely to show greater
genetic variation? Use Punnett
squares to explain your answer.




regor Mendel did not know where the genes he had discov-
"sred were located. Fortunately, his predictions of how genes
ould behave were s0 specific that it was not long before biolo-
gi s were certain they had found them—on the chromosomes.

e chromosomal theory of inheritance states that genes are
ated in specific positions on chromosomes.
‘Mendel's principles of genetics require at least two things. First,
h dfganism must inherit a single copy of every genefrom each of
‘parents.” A single copy of every chromosome is indeed passed
Jlong from parent to offspring in this way. Second, when an organism
oduces its own gametes, those two sets of genes must be sepa-
ted so that each gamete contains just one set of genes. Chromo-
mes are separated in exactly this way during gamete formation,
st as the chromosomal theory of inheritance would predict.

hromosome Number

5 an example of how chromosomal inheritance works, let’s

nsider the fruit fly, Drosophila. A body cell in an adult fruit fly

as 8 chromosomes, as shown in Figure 11-14. Four of the chromo-

1es came from the fruit fly’s male parent, and 4 came from its

fémale parent. These two sets of chromosomes are homologous

-MAHTL-uh-guhs), meaning that each of the 4 chromosomes

that came from the male parent has a corresponding chromosome

from the female parent.

A cell that contains both sets of homologous chromosomes

said to be diploid, which means “two sets.” The number of

romosomes in a diploid cell is sometimes represented by the

ol 2N. Thus for Drosophila, the diploid number is 8,

rich can be written 2N = 8. Diploid cells contain two com-

ete sets of chromosomes and two complete sets of genes.

This agrees with Mendel’s idea that the cells of an adult

organism contain two copies of each gene.

,By contrast, the gametes of sexually reproducing organisms,

ncluding fruit flies and peas, contain only a single set of chromo-

somes, and therefore only a single set of genes. Such cells are said
 be haploid, which means “one set.” For Drosophila, this can

be Written as N = 4, meaning that the haploid number is 4.

éuédie for Reading

Ca> Key Concepts .
* What happens during the

process of mejosis?
* How is meiosis different from
mitosis?

Vocabulary
homologous
diploid
haploid
meiosis -
tetrad
crossing-over

Reading Strategy:
Using Visuals Before you

read, preview Figure 11-15, As
you read, note what happens at
each stage of mejosis.

Phases of Meiosis

Hy ¥ are haploid (N) gamete cells produced from diploid (2N)

lls? That's where meiosis (my-OH-sis) comes in. (o Meiosis

Sa Process of reduction division in which the number of

:hlbemosomes per cell is cut in half through the separa-
'on of homologous chromosomes in a diploid cell.l

B> Figure 11-14 These chromosomes
are from a fruit fly. Each of the fruit
fly’s body cells has 8 chromosomes,
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Figure 11-15 , & During meiosis, the number of chromosomes per cell is
cut in half through the separation of the homologous chromosomes. The
result of meiosis is 4 haploid cells that are genetically different from one :
another and from the original cell.

MEIOSIS | 7

Anaphase |

The fibers pull the
homologous chromo-

Telophase |
and Cytokinesis
Nuclear membranes

interphase |

Cells undergo a round
of DNA replication,

Prophase | Metaphase |

Each chromosome pairs  Spindle fibers attach
with its corresponding to the chromosomes.

forming duplicate

homologous chromo-
some to form a tetrad.

somes toward oppo-
site ends of the cell,

form. The cell sepa-

ol SRR s

rates into two cells.

chromosomes.

3

-/ Go @nline e e AR e S8

| Meiosis usually involves two distinct divisions, called meio-
sis I and meiosis II. By the end of meiosis II, the diploid cell that
entered meiosis has become 4 haploid cells. Figure 11-15 shows
meiosis in an organism that has a diploid number of 4 (2N = 4).

active art,

For: Meiosis activity
Visit: PHSchool.com
' Web Code: cbp-4114

E

Meiosis I Prior to meiosis I, each chromosome is replicated.
The cells then begin to divide in a way that looks similar to
mitosis, In mitosis, the 4 chromosomes line up individually in
the center of the cell. The 2 chromatids that make up each
chromosome then separate from each other.

In prophase of meiosis I, however, each chromosome pairs with
its corresponding homologous chromosome to form a structure
called a tetrad. There are 4 chromatids in a tetrad. This pairing
of homologous chromosomes is the key to understanding meiosis.

As homologous chromosomes pair up and form tetrads in
meiosis I, they exchange portions of their chromatids in

. aprocess called crossing-over. Crossing-over, shown in

R

(Go «dnline
et NSTA S0
For: Links on meiosis

Visit: www.SciLinks.org
Web Code: cbn-4114

SC/ INKS
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Figure 11-16, results in the exchange of alleles between homolo-
gous chromosomes and produces new combinations of alleles,
What happens next? The homologous chromosomes separate,
and two new cells are formed. Although each cell now has 4
chromatids (as it would after mitosis), something is different,



N

&

Metaphase I Anaphase |l
The chromosomes line The sister chromatids
p up in a similar way to separate and move
ach with half the number the metaphase stage toward opposite ends
Chfrom'osomes as the of mitosis. of the cell.

Telophase I
and Cytokinesis
Meiosis Il results

in four haploid (N)
daughter cells.

Because each pair of homologous chromosomes was separated,
either of the daughter cells has the two complete sets of chromo-
mes that it would have in a diploid cell. Those two sets have been
ffled and sorted almost like a deck of cards. The two cells

duced by meiosis I have sets of chromosomes and alleles that
different from each other and from the diploid cell that entered

Melosis Il The two cells produced by meiosis I now enter a

cond meiotic division. Unlike the first division, neither cell goes

rough a round of chromosome replication before entering

eiosis I1. Each of the cell’s chromosomes has 2 chromatids.

uring metaphase II of meiosis, chromosomes line up in the

ter of each cell, In anaphase II, the paired chromatids sepa-
In this example, each of the four daughter cells produced in

0sis IT receives 2 chromatids. Those four daughter cells now

tain the haploid number (N)—just 2 chromosomes each.

B ‘Figure 11-16 Crossing-over occurs during meiosis. (1) Homologous
chromosomes form a tetrad. (2) Chromatids cross over one another.

(3) The crossed sections of the chromatids are exchanged. Interpreting
Graphics How does crossing-over affect the alleles on a chromatid?
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In Males e
. =<

In Females

Meiosis |

N

NSk Meiosis II

/\

N
NGB NG NG
!

|

I
Polar bodies

A Figure 11-17 & Meiosis produces four
genetically different haploid cells. in males,
meiosis results in four equal-sized gametes called
sperm. In females, only one large egg cell results
from meiosis. The other three cells, called polar
bodies, usually are not involved in reproduction.

Gamete Formation

In male animals, the haploid gametes produced by
meiosis are called sperm. In some plants, pollen
grains contain haploid sperm cells. In female animals,
generally only one of the cells produced by meiosis is
involved in reproduction. This female gamete is called
an egg in animals and an egg cell in some plants.

In many female animals, the cell divisions at
the end of meiosis I and meiosis IT are uneven, so
that a single cell, which becomes an egg, receives
most of the cytoplasm, as shown in Figure 11-17,
The other three cells produced in the female during
meiosis are known as polar bodies and usually do
not participate in reproduction.

Comparing Mitosis and Meiosis

In a way, it’s too bad that the words mitosis and
meiosis sound so much like each other, because the
two processes are very different. (&
results in the production of two genetically
identical diploid cells, whereas meiosis pro-
duces four genetically different haploid cells.

A diploid cell that divides by mitosis gives rise to
two diploid (2N) daughter cells. The daughter cells
have sets of chromosomes and alleles that are
identical to each other and to the original parent
cell. Mitosis allows an organism’s body to grow and
replace cells. In asexual reproduction, a new organ-
ism is produced by mitosis of the cell or cells of the
parent organism.

Meiosis, on the other hand, begins with a diploid
cell but produces four haploid (N) cells. These cells
are genetically different from the diploid cell and
from one another. Meiosis is how sexually reproduc-
ing organisms produce gametes. In contrast, asexual
reproduction involves only mitosis.

| Information and Heredity
{ In asexual reproduction,

X Key Comcept Describe the
main results of meiosis.

» Key Concept Whatare
the principal differences between
mitosis and meiosis?

3. What do the terms diploid and
haploid mean?

4. What is crossing-over?
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5. Critical Thinking Applying
Concepts [n human cells,
2N = 46. How many chromo-
somes would you expect to find
in a sperm cell? In an egg cell? In
a white blood cell? Explain.

mitosis occurs, but not
meiosis. Which type of
reproduction—sexual or
asexual—results in offspring
with greater genetic varia-
tion? Explain your answer.




1_,5 Linkage an

[

f you thought carefully about Mendel’s principle of independ-
I ent assortment in melosis, one question might have been
pothering you. The chromosomal theory of inheritance shows

" how genes on different chromosomes assort independently. But
-~ what about genes located on the same chromosome? Wouldn’t

- they generally be inherited together?

Gene Linkage
~ The answer to these questions, as Thomas Hunt Morgan first
 realized in 1910, is yes. Morgan’s research on fruit flies led him
to the principle of linkage. After identifying more than 50

- Drosophila genes, Morgan discovered that many of them

" appeared to be “linked” together in ways that, at first glance,

~ seemed to violate the principle of independent assortment. For
~example, a fly with reddish-orange eyes and miniature wings,
_like the one shown in Figure 11-18, was used in a series of
crosses. The results showed that the genes for those traits were
- almost always inherited together and only rarely became sepa-
. rated from each other.

 Morgan and his associates observed 5o many genes that
were inherited together that before long they could group all of
- the fly’s genes into four linkage groups. The linkage groups

- assorted independently, but all of the genes in one group were

" inherited together. Drosophila has four linkage groups. It also
_has four pairs of 'chromosomes, which led to two remarkable

- conclusions. First, each chromosome is actually a group of
linked genes. Second, Mendel’s principle of independent assort-
ment still holds true. Cop It is the chromosomes, however,
that assort independently, not individual genes,

7 How did Mendel manage to miss gene linkage? By luck, or

- by design, six of the seven genes he studied are on different
chromosomes. The two genes that are found on the same chro-
~Mosome are so far apart that they also assort independently.

Gene Maps

It _tWO genes are found on the same chromosome, does

this mean that they are linked forever? Not at all.
rossing-over during meiosis sometimes separates

genes that had been on the same chromosome

~ onto homologous chromosomes. Crossover events

Occasionally separate and exchange linked

genes and produce new combinations of alleles.

his is important because it helps to generate
genetic diversity,

Rt e s S s U U VIR WA

Guide for Reading
e s

y Key Concept
* What structures actually assort
independently?

Vocabulary
gene map

Reading Strategy:
Predicting Before you read,
preview Figure 11-19. Predict
how a diagram like this one can
be used to determine how likely
genes are to assort independ-
ently. As you read, note whether
or not your prediction was
correct.

¥V Figure 11-18 The genes for this
fruit fly’s reddish-orange eyes and
miniature wings are almost always
inherited together. The reason for
this is that the genes are close
together on a single chromosome.
& It is the chromosomes that
assort independently, not individ-
ual genes.




\ Exact location on chromosome

Chromosome 2

A Figure 11-19 This gene map
shows the location of a variety of
genes on chromosome 2 of the fruit
fly. The genes are named after the
problems abnormal alleles cause, not
the normal structure. Interpreting
Graphics Where on the chromosome
is the "purple eye” gene located?

Aristaless (no bristles on antenna) — 0
Star eye 7
Dumpy wing — 10
— 20
Dachs (short legs)
— 30
Black body 40
Reduced bristles
— 50
Purple eye
Light eye — 60
Vestigial (small) wing _————/ 70
75.5 * Curved wing 80
— 90
Arc (bent wings)
Brown eye — 100
Speck wing L 110

In 1911, a Columbia University student was working part
time in Morgan’s 1ab. This student, Alfred Sturtevant, wondered if
rates of crossing-over between genes in meiosis might be a clue to
something important. Sturtevant reasoned that the farther apart
two genes were, the more likely they were to be separated by a
crossover in meiosis. That meant that he could use recombination
frequencies to determine the distances between genes. Sturtevant
gathered up several notebooks of lab data and took them back to
his room. The next morning, he presented Morgan with a gene
map showing the relative locations of each known gene on one of the
Drosophila chromosomes, as shown in Figure 11-19. If two
genes are close together, the recombination frequency between
them should be low, since crossovers are rare. If they are far
apart, recombination rates between them should be high.
Sturtevant’s method has been used to construct genetic maps,
including maps of the human genome, ever since.

1. € Key Concept How does
the principle of independent
assortment apply to chromo-

- somes?

2. What are gene maps, and how
are they produced?

3. How does crossing-over make
gene mapping possible?,
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. Critical Thinking Inferring

. tell you about how close together

Cause-Effect Paragraph
In your own words, explain
why the alleles for reddish-
orange eyes and miniature
wings in Drdsophila are
usually inherited together.
Include the idea of gene
linkage. Hint: To organize
your ideas, draw a cause-
effect diagram that shows
what happens to the two
alleles during meiosis.

If two genes are on the same
chromosome but usually assort
independently, what does that

they are?




ciosis results in 4 new cells, each containing half the number of
chromosomes in the original cells. Using the procedures below, you
will build a model to demonistrate the process of meiosis and explore

=

Ww it can lead to genetic changes.

o felt-tip marker

Skilis Using Models, Communicating Results

rocedure

-You will use yarn and index cards to model each
stage of meiosis. Use two shades of red yarn to
represent one homologous pair of chromo-

- somes and two shades of green yarn to repre-
~sent another pair. Use an index card to
represent a cell.

_Cut two pieces of yarn about 5 cm long from
each color of yarn. Each piece of yarn will
represent a chromatid. ‘

Tape pieces of red and green yarn to an index
_Card to show the appearance of two tetrads in a
cell at the beginning of meiosis.

Tape pieces of yarn to additional index cards
‘fo model the numbers and positions of the
chromosomes and cells at each stage of meiosis
- Be sure to include an example of crossing-over
at the correct stage. Use a felt-tip marker to

label each card with the name of the stage it
represents.

Arrange the finished cards to show the com-
Plete process of meiosis. Label the stages at
which genetic segregation and crossing-over
occur and chromosome number changes.

Use your cards to explain the process of meiosis

{0 a classmate. Then, trade roles and have your

classmate use his or her models to explain the
-Process of meiosis to you.

.

{ Go Further j

Analyze and Conclude

1. Using Models What is the result of the first
meiotic division (meiosis [)?

2, Using Models What is the result of the second
meiotic division (meiosis 11)?

3. Drawing Conclusions How does meiosis lead
to increased genetic variation?

4. Predicting How would the gametes be
affected if a pair of chromatids failed to separate
in the second meiotic division?

5. Using Meodels What parts of the cell did the
yarn represent?

6. Evaluating How well do you think this investi-
gation modeled the process of meiosis? Explain
your answer.

Using Models Make a second set of models
that shows the differences between the forma-
tion of sperm and the formation of eggs.
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11-1 The Work of Gregor Mendel
‘g Key Concepts

* The principle of dominance states that some
alleles are dominant and others are recessive.

* When each Fq plant flowers, the two alleles
segregate from each other so that each gamete
carries only a single copy of each gene.
Therefore, each Fq plant produces two types of
gametes—those with the allele for tallness and
those with the allele for shortness.

Vocabulary

genetics, p. 263 ¢ fertilization, p. 263
true-breeding, p. 263

trait, p. 264 ¢ hybrid, p. 264

gene, p. 265 ¢ allele, p. 265
segregation, p. 266 * gamete, p. 266

11-2 probability and Punnett Sguares
\ Key Concepts

* The principles of probability can be used to
predict the outcomes of genetic crosses.

* Punnett squares can be used to predict and

compare the genetic variations that will result
from a cross.

Vocabulary

probability, p. 267 e Punnett square, p. 268
homozygous, p. 268 * heterozygous, p. 268
phenotype, p. 268 * genotype, p. 268

11-3 Exploring Mendelian Genetics
N Key Concepts

¢ The principle of independent assortment states
that genes for different traits can segregate
independently during the formation of gametes.
Independent assortment helps account for the
many genetic variations observed in plants,
animals, and other organisms.

» Some alleles are neither dominant nor recessive,
and many traits are controlled by multiple alleles
or multiple genes.

Vocabulary

independent assortment, p. 271
incomplete dominance, p. 272
codominance, p. 272

multiple alleles, p. 273
polygenic traits, p. 273

11-4 Meiosis
Key Concepts

* Meiosis is a process of reduction division in which
the number of chromosomes per cell is cut in half
through the separation of homologous chromo-
somes in a diploid cell.

» Mitosis results in the production of two geneti-
cally identical diploid cells, whereas meiosis
produces four genetically different haploid cells.

; Vocabulary

homologous, p. 275 e diploid, p. 275
haploid, p. 275 ¢ meijosis, p. 276
tetrad, p. 276 e crossing-over, p. 277

11-5 Linkage and Gene Maps
‘e Key Concept

* Chromosomes assort independently;
individual genes do not.

Vocabulary
gene map, p. 280

Thinking Visually
Using the information in this chapter, complete the
following flowchart about meiosis:

Cells form duplicate chromosomes.

v

1

v

Spindle fibers attach to chromosomes.

v

2

v

Chromosomes line up.

v

3
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05; the Ietter“fhaf best answers the question or
sletes the statement.

frerent forms of a gene are called

hybrids. c. alleles.
‘dominant factors. d. recessive factors.

a homozygous tall pea plant and a homozygous
short pea plant are crossed,

the recessive trait seems to disappear.

b, the offspring are of medium height.

¢.'no hybrids are produced.

.all the offspring are short,

A Punnett square is used to determine the
a. probable outcome of a cross.

b: actual outcome of a cross.

¢. result of mitosis.

-result of meiosis.

ganisms that have two identical alleles for a
rticular trait are said to be

. hy ¢. homozygous.

d. dominant,

¢. phenotype.
d. genotype.

ituation in which a gene has more than two
les'is known as
omplete dominance.
odominance,
olygenic dominance.

- Prophase |

c. telophase |
phase ]

d. metaphase |

ke mitosis, meijosis in male mammals resuits in
Ormation of

ne haploid cell,

hree diploid polar bodies,

our diploid gamete cells.

our haploid gamete cells,

th

bt
f
d.fi

°
Interactive textbook with nteractive
assessment at PHSchool.com Texthoo

9. To maintain the chromosome number of an
organism, the gametes must
a. become diploid.
b. become recessive,
¢. be produced by mitosis.
d. be produced by meiosis.

10. A gene map shows
a. the number of possible alleles for a gene,
b. the relative locations of genes on a chromosome.
¢. where chromosomes are in a cell.
d. how crossing-over occurs.

Understanding Concepts

11. List the four basic principles of genetics that
Mendel discovered in his experiments. Briefly
describe each of these principles.

12. What is probability? How does probability relate
to genetics? A

13. In pea plants, the allele for yellow seeds is domi-
nant to the allele for green seeds. Predict the
genotypic ratio of offspring produced by crossing
two parents heterozygous for this trait. Draw a
Punnett square to illustrate your prediction.

14. How do multiple alleles and polygenic traits
differ?

15. Why can multiple alleles provide many different
phenotypes for a trait?

16. Are an organism’s characteristics determined only
by its genes? Explain.

17. Suppose that for an organism, 2N = 8, How

many chromosomes do the organism’s gametes
contain?

18. In rabbits, Bis an allele for black coat and b is an
allele for brown coat. Write the genotypes for a
rabbit that is homozygous for black coat and
another rabbit that is heterozygous for black coat.

19. Describe the process of meiosis.

20. Compare the phéses of meiosis | with the phases
of meiosis If in terms of the number and arrange-
ment of the chromosomes.

21. Explain why it is chromosomes, not individual
genes, that assort independently.
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Critical Thinking

22, Pesigning Experiments In sheep, the allele for
white wool (A) is dominant over the allele for
black wool (g). How would you determine the
genotype of a white ram, or male sheep?

23. Comparing and Contrasting Design and
complete a table to compare and contrast meiosis
and mitosis.

24, Applying Concepts In dogs, the allele for short
hair is dominant over the allele for long hair. Two
short-haired dogs are the parents of a litter of ~ +
eight puppies. Six puppies have short hair, and
two have long hair. What are the genotypes of
the parents?

25. Applying Concepts In guinea pigs, the allele for
a rough coat (R) is dominant over the allele for a
smooth coat (r). A heterozygous guinea pig (Rr)
and a homozygous recessive guinea pig (1) have a
total of nine offspring. Explain how all nine
offspring can have smooth coats.

26. Inferring Suppose Mendel crossed two pea
plants and got both tall and short offspring. What
could have been the genotypes of the two
original plants? What genotype could not have
been present?

27. Comparing and Contrasting Suppose a plant
geneticist uses true-breeding plants to make a
two-factor cross involving genes that are closely
linked on a chromosome. How would the genetic
variation in the F, generation probably differ from
a cross in which two genes assort independently?

28. Calculating Three genes, stumpy (S), mottled
(M), and pale (P) are found on the same chromo-
some in a newly-discovered species of fly. A
preliminary gene map places gene S in the
middle, with M and P on opposite sides. The
frequency of genetic recombination between
genes M and S is 5%, which means that a
crossover occurs between these two genes in
meiosis 5% of the time (one gamete in 20 has
a crossover). The frequency between genes
S and P is 8%. Which gene is closer to S—gene P
or gene M? .

29. Formulating Hypotheses Suppose you found
out that a mating between a black animal and a
brown animal produced all black offspring.
Propose a hypothesis to explain the color of the
offspring.

284 Chapter 11

30. Interpreting Graphics Genes that control hair
or feather color in some animals have different
effects in the winter than in the summer. How -
might such a difference be beneficial to the
ptarmigan shown below?

tnformation and Heredity How might a scientist
use a Punnett square in designing and carrying out an
experiment?

“Writing in Science
Write an explanation of dominant and recessive alleles
that would be appropriate to give to an eighth-grade
science class. You can assume that the eighth-grade
students already know the meanings of gene and allele.
(Hint: Use examples to make your explanation clear.)

Creating Storyhoards You are a writer fora TV
station. The producer asks you to write a series that
takes the viewer on an imaginary voyage back in time.
The show is designed to provide insight into the work
of the person being interviewed and to give the
viewers a feel for the events of that era. The first
person you visit will be Gregor Mendel. Create story-
boards that plan one scene for this program.

.

CGO wnline
HSchool.com

For: An interactive self-test
Visit: PHSchool.com
Webh Code: cha-4110
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tandadized Test Prep

i For questions containing the
+d NOT, begin by jotting down items that do

(D) It becomes diploid.
(E) It quadruples.

-(C) It halves.

. Which ratio did Mendel find in his F,
~generation?

' D) 1:9
:3:1 (E) 3:4

During which phase of meiosis is the chromosome
mber reduced?
(A) anaphase |
"(B) metaphase |
(C) telophase |

(D) prophase ||
(E) telophase li

4. Two pink-flowering plants are crossed. The
-offspring flower as follows: 25% red, 25% white,
-50% pink. What pattern of inheritance does
flower color in these flowers follow?

(A) dominance

(B) multiple alleles -

(C) incomplete dominance

(D) recessiveness

(B) polygenic traits

‘Which of the following is used to construct a
gene map? '

(A) chromosome number

(B) litter count

(C) rate of meiosis '
(D) recombination rate

(E) number of generations

6. Alleles for the same trait are separated from each
other during the process of
(A) mitosis. (D) .interphase.

(B) meiosis 1. (E) metaphase I,
(©) meiois 1.

T
Success Y., Tracker

Online at PHSchool.com

Questions 7-8

Genes A, B, C, and D are located on the same chro-
mosome. After calculating recombination frequencies,
a student determines that these genes are separated
by the following map units: C-D: 25 map units; A-B:
12 map units; B-D: 20 map units; and A-C: 17 map
units.

7. How many map units apart are genes A and D?

(A 5 (D) 12.5
. (B8 () 15
(©) 10

8. Which gene map best reflects the student’s data?

B. P 20 ]
C.?B:B 17 C 12?
ST

9. Which of the following is NOT one of Gregor

Mendel’s principles?

(A) The alleles for different genes usually segre-
gate independently.

(B) Some forms of a gene may be dominant.

(©) The inheritance of characteristics is deter-
mined by factors (genes).

(D) Crossing-over occurs during meiosis.

(E) Alleles are segregated when gametes are
formed.

Questions 10-12 Each of the lettered choices below
refers to the following numbered statements. Select the
best lettered choice. A choice may be used once, more
than once, or not at all,

(A) Phenotype
(B) Hybrids
(C) Genotype

(D) Homozygous
(E) Multiple alleles

10. Offspring of crosses between parents with
different traits

11. Appearance due to genetic makeup

12. Having two identical alleles for a given gene
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