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GUIDE FOR READING

& What factors control the
inheritance of traits in
organisms?

Reading Tip Before you read,
preview the section and make
a list of the boldfaced terms. As
you read, write a definition for
each term in your own words.

Gregor Mendel in the
monastery garden ¥
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What Does the Father Look Like?

1. Observe the colors of each kitten in the photo. Record
each kitten's coat colors and patterns. Include as many
details as you can. -

\ 2. Observe the mother cat in the photo. Record her coat
& color and pattern.

Think it Gver

Inferring Based on your observations, describe what you
think the kittens’ father might look like. |dentify the
evidence on which you based your inference.

‘\\

he year was 1851. Gregor Mendel, a young priest from a
monastery in Central Europe, entered the University of §
Vienna to study mathematics and science. Two years later,

Mendel returned to the monastery and began teaching at a

nearby high school. :

Mendel also cared for the monastery’s garden, where he grew §
hundreds of pea plants. He became curious about why some of 3=
the plants had different physical characteristics, or traits. Someg
pea plants grew tall while others were short. Some plants pro :
duced green seeds, while others had yellow seeds.

Mendel observed that the pea plants’ traits were often simi-}
lar to those of their parents. Sometimes, however, the pea plants$
had different traits than their parents. The passing of traits from
parents to offspring is called heredity. For more than ten years,
Mendel experimented with thousands of pea plants t0 under-
stand the process of heredity. Mendel’s work formed the foun- %
dation of genetics, the scientific study of heredity.

Mendel’s Peas

Mendel made a wise decision when he chose to study peas rathe
than other plants in the monastery garden. Pea plants are easy 10
study because they have many traits that exist in only two fo

For example, pea plant stems are either tall or short, but n
medium height. A RozmrgdEnspeas produce a large number 0¥
offspring in one ZEH F Thus, it is easy to collect largg
amounts of data to analyze.
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Figure 1 shows a flowering pea plant. Notice that the flower’s
etals surround the pistil and the stamens. The pistil produces
-male sex cells, or eggs, while the stamens produce pollen, which
ontains the male sex cells.

In nature, pea plants are usually self-pollinating. This means

it pollen from one flower lands on the pistil of the same flower.
Jfendel developed a method by which he could cross-pollinate,
yr“cross;” pea plants. To cross two plants, he removed pollen from
, flower on one plant and brushed it onto a flower on a second
blant. To prevent the pea plants from self-pollinating, he carefully
removed the stamens from the flowers on the second plant.

Mendel's Experiments

Suppose you had a garden full of pea plants, and you wanted to
study the inheritance of traits. What would you do? Mendel
decided to cross plants with opposite forms of a trait, for exam-
ple, tall plants and short plants. He started his experiments with
purebred plants. A purebred plant is one that always produces
offspring with the same form of a trait as the parent. For exam-
ple, purebred short pea plants always produce short offspring.
Purebred tall pea plants always produce tall offspring. To pro-
duce purebred plants, Mendel allowed peas with one particular
trait to self-pollinate for many generations. By using purebred
plants, Mendel knew that the offspring’s trait would always be
tical to that of the parents.

P In his first experiment, Mendel crossed purebred tall plants
ﬂ purebred short plants. He called these parent plants the
Jaental generation, or P generation. He called the offspring
this cross the first filial (FiL ee ul) genera‘.t{:,fﬂ.,l g?f:ﬂ"fc;ff?;en

.The word filial means “son” in Latin. ~ %%~

- - i Soare VL

Figure 1 Garden peas usually
reproduce by self-pollination. Pollen
from a flower’s stamens lands on
the pistil of the same flower. Plants
that result from self-pollination
inherit all of their characteristics
from the single parent plant.
Relating Cause and Effect Why was
it important for Mendel to prevent his
pea plants from self-pollinating?
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Language Arts

Gregor Mendel presented
detailed description of his
observations in a scientific
paper in 1866. In the excerpt
that follows, notice how
clearly he describes his
observations of the two
different seed shapes in peas.

“These are either round of
roundish, the depressions, if
any, occur on the surface,
being always only shallow; of
they are irregularly angular
and deeply wrinkled.”

1o Yorr Towrtst.

Choose an everyday object,
such as a piece of fruitora
pen. Make a list of the object’s
features. Then write 2 short
paragraph describing the
object. Use clear, precise
language in your description.

p Generation

You can see the results of Mendel's first Cross in Figure 2. To
Mendel's surprises all of the offspring in the Fy generation were
tall. Despite the fact that one of the parent plants was short, none
of the offspring wer¢ short. The shortness trait had disappeared!

Mendel let the plants in the F, generation grow and allowed
them to self-pollinate- The results of this experiment also sur-
prised Mendel. The plants in the Fy (second filial) generation
were a mix of tall and short plants. This occurred even though
none of the Fy parent plants were short. The shortness trait had
reappeared. Mendel counted the umber of tall and short plants
in the F» generation. He found that about three fourths of the
plants were tall, while one fourth of the plants were short.

o Checkpoint What is a purebred plant?

Other Traits

In addition to stem height, Mendel studied six other traits in
garden peas: seed shape, seed color, seed coat color, pod shape,
pod color, and flower position. Compare the two forms of each
trait in Figure 3. Mendel crossed plants with these traits in the;
same manner as he did for stem height. The results in each
experiment were similar to those that he observed with stem
height. Only one form of the trait appeared in the F, generation:
However, in the F, generation the “lost” form of the trait alwayi
reappeared in about one fourth of the plants. '

Figure 2 When Mendel crossed purebred tall d
and short pea plants, all the offspring in the Fy
generation were tall. in the F generation, three
fourths of the plants were tall, while one fourth
were short.

Fq Generation F2 Generation



Traits Seed Seed Seed Coat Pod Pod
Shape Color Color Shape Color Position

Controlled !
by Dominant ¥ by
Allele : b‘J
Round Yellow Gray Smooth
Controlled g ~ £k
by Recessive guie b = 3= Lj .é‘.’/
Allele R S = 4

Wrinkled Green White Pinched Yellow - End Short

pominant and Recessive Alleles

From his results, Mendel reasoned that individual factors must
control the inheritance of traits in peas. The factors that control
each trait exist in pairs. The female parent contributes one factor,
while the male parent contributes the other factor.

Mendel went on to reason that one factor in a pair can mask,
or hide, the other factor. The tallness factor, for example, masked
the shortness factor in the F, generation.

_ Today, scientists call the factors that control traits genes. They
all the different forms of a gene alleles (uh LEELZ). The gene that
controls stem height in peas, for example, has one allele for tall
stems and one allele for short stems. Each pea plant inherits a

- combination of two alleles from its parents—either two alleles
.. for tall stems, two alleles for short stems, or one of each.
Individual alleles control the inheritance of traits. Some
elleles are dominant, while other alleles are recessive. A
t dominant allele is one whose trait always shows up in the organ-
~ fsm when the allele is present. A recessive allele, on the other
- Tand, is masked, or covered up, whenever the dominant allele is
L A trait controlled by a recessive allele will only show up
L ﬁ organism does not have the dominant allele.
Yo hpm plants, the allele for tall stems is dominant over the allele
. : stems. Pea plants with one allele for tall stems and one
for short stems will be tall. The allele for tall stems masks the
8 for short stem:s. Only pea plants that inherit.£two reressive
Y short stems will be short. =~~~ “?’fﬁw_ﬁ:@"&

Flower Stem

Flgure 3 Mendel studied seven
different traits in pea plants. Each
trait has two different forms.
Interpreting Diagrams Is yellow seed
color controlled by a dominant allele
or a recessive allele? What type of |
allele controls pinched pod shape?

Chapter 3 89



Figure 4 These rabbits have

' some traits controlled by dominant
alleles and other traits controlled

by recessive alleles. For example,

the allele for black fur is dominant

! over the allele for white fur.

i Inferring What combination of
alleles must the white rabbit have?

90

Understanding Mendel’s Crosses

You can understand Mendel’s results by tracing the inheritance
of alleles in his experiments. The purebred plants in the P gen-
eration had two identical alleles for stem height. The purebred
tall plants had two alleles for tall stems. The purebred short
plants had two alleles for short stems. In the F, generation, all
of the plants received one allele for tall stems from the tall
parent. They received one allele for short stems from the short
parent. The F; plants are called hybrids (Hy bridz) because they
have two different alleles for the trait. All the F, plants are tall
because the dominant allele for tall stems masks the recessive
allele for short stems.

When Mendel crossed the hybrid plants in the F, generation,
some of the plants inherited two dominant alleles for tall stems.
These plants were tall. Other plants inherited one dominant
allele for tall stems and one recessive allele for short stems. These
plants were also tall. Other plants inherited two recessive alleles
for short stems. These plants were short.

m’é’éa«éﬁaacc If a pea plant has a tall stem, what possible

combinations of alleles could it have?

Using Symbols in Genetics

Geneticists today use a standard shorthand method to write
about alleles in genetic crosses. Instead of using words such as

“tall stems” to represent alleles, they simply use letters. A r-




dominant allele is represented by a capital letter. For ex;:;:e

Gmm* llele for tall stems is represented by T. A rece ;

e‘lﬂ-'l% ae :;eqented by the lowercase version of the Ie‘tkrtvel'rl:enoé
‘ le-eil“:lr‘ l}'or short stems would be represented by 2 L
W two dominant alleles for tall stems, its a
P 1.”119“‘5 TT. When a plant inherits two recessive alleles
o wmtentaesms .its alleles are written as tt. When a plant
fo;;r};:)sr;;e alleie for tall stems and one allele for short stems,
in

its alleles are written as Tt.

! ribution |
endel’s Cont = t
?ﬂ 1866, Mendel presented his results to ahs'c1ent1ﬁc§doec;§e};
b : he monastery. In his paper,
et regularly near the : . o
- :?bed ?he principles of heredity he had dcltlsz?; S
d:fSF rtunately, other scientists did not underste:]n ) tMeEdel
5 Oe of Mendel’s work. Some scientists thoug tott}?ers ende
P ifi of inheritance. ev
rersimplified the process . ) o
haddof:ies papgr or even heard about his work. Rememllcagec_
thi ime there were no telephones or qther types t0 ol
=t '“communication. So scientists in different parts i
[ronll; were isolated from each other. Mendel was especially
r 3 . .
?vglated because he wasn’t at a university. W S——
.5 Mendel’s work was forgotten for 34 years. nk The, e
different scientists rediscovered. Mendel’s vc\{olrh.ad Tge o
l de many of the same observations as Mende : .l,s ks
::im quickly recognized the import;;]cedolf I;E:Z]Ofered stili
v of ic principles that Mende
- of the genetic principle: : L
3\:3:5 t(()) this gay Because of his work, Mendel is often calle
sta .

the Father of Genetics.

in how the inheritance of traits is
§ E;ﬂllarlc?lled in organisms. Use the terms genes
and alleles in your explanation. : _
& What is a dominant allele? What is a recessive
allele? Give an example of each.
3. The allele for round seeds is re;?resented by R.
a4 Suppose that a pea plant inherited two "
. becessive alleles for wrinkled seeds. How wou
You write the symbols for its alleles?
Thinking Critically Applying Concepts
Can a short pea plant ever be a hybrid? Why

L T T LI

LA T T T T

. %
bt +

Illt-l-..l'lcll..!nldll-l!ll..l.-l.

Check Your Progress

By now you should have
constructed your paper pet. On
the back, write what alleles your pet has
: for each trait. Use XX for a female, and
XY for a male. The dominant alleles for
the other four traits are: 8 (blue skin),
R (round eyes), T (triangular nose), and
P (pointed teeth). (Hint: If your pet has a
: trait controlled by a dominant allele, you
i can choose which of the possible
i combinations of alleles your pet has.)

il ‘h')' not? T

-
e ‘Qu{
LT |

‘l
Bl £

Figure 5 The dominant allele for
yellow skin color in summer squash
is represented by the letter‘Y. The
recessive allele for green skin color
is represented by the letter y.

p oy
Y <
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Ei can vary in a group of people—your paper your teacher gives you. Circle either “can
classmates. taste PTC" or scannot taste PTC" in your data

In this lab, you'll explore how greatly traits 4. For tralt F, wash and dry your hands. Taste the PTC &

3 table. CAUTION: Never taste any substance in the
Problem iab unless directed to by your teacher.
* pre traits controlled by dominant alieles more 4. Count the number of students who have each

2 common than traits controlied by recessive alleles? irait, Record that number in your data table. Als0
M record the total number of students.

Materials :
2 mirror (optional) PTC paper ; : DATA TAB LE
) - _ Total Number ——— _ * A
Procedure | Fait1 Number | Trait 2 ~[Number §
part 1 Dominant and Affresedl. Avtached -~ | 3
Recessive Alleles o k’b”_ — ear lobeg___ RSB
1. Write a hypothesis refiecting your ..:B ‘Hair on fingers |, . " \No hair on fingers - | . - 8
deas about the problem question. '€ Widow's peak | .~ No widow's peak
}  Thencopy the data table. p\Curlyhair . 1 - Straight hair
g 2 For traits A, 8,C, D, and E, work “E \cleft chin._. Smooth chin
with a partner 0 determine which  F |Can Taste P1C7| Cannot saste F1C
trait you have. Circle that raitin . *p7C sgan 5

L

your data table. —

for ph'enylthiocarbamide.

O 13
=) Ay

et

%
b,

< AN Ye ) 7.
Hair on fingers No hair on fingers

déft Jﬁn
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wt 2 Are Your Traits Unique?

Look at the circle of traits below. All the traits
in your data table appear in the circle. Place
the eraser end of your pencil on the trait in the
small central circle that applies to you—either
free ear lobes or attached ear lobes.

Look at the two traits touching the space your
eraser is on. Move your eraser 0 the next
description that applies to you. Continue using
your eraser to frace your traits until you reach
a number on the outside rim of the circle.
ghare that number with your classmates.

Analyze and Conclude

.- The traits listed under Trait 1 in the data table
are controlled by dominant alleles. The traits
listed under Trait 2 are controlled by recessive
alleles. Which traits controlled by dominant
alleles were shown by a majority of

dents? Which traits controlled
by recessive alleles were

. shown by a majority
of students?

2. How many students ended up on the same
number on the circle of traits? How many
students were the only ones to have their
number? What do the results suggest about
each person’s combination of traits?

3. Think About It Do your data support the
hypothesis you proposed in Step 1? Explain
your answer with examples.

Design an Experiment

Do people who are related to each other show
more genetic similarity than unrelated people?
Write a hypothesis. Then design an experiment
to test your hypothesis.

A ?1 e
Chapter 3 93
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@] probability and Genetics

* What's the Chance?

®

e 1.Suppose you were 10 toss a coin 20 times. 3, Combine the data from the entire class.
e predict how many times the coin would Record the total number of tosses, the

s land “heads up” and how many times it number of heads, and the aumber of tails.
: would land “tails up.”

.; 2. Now test your prediction by tossing @ coin hin - ‘f Quer . _

t 20tmes Fecord the number of tMes . penuity How did your results i0 Step 2
. coin lands heads up and the number of compare to your predlctlon? How can you
°  mesitlands tails Up- account for any differences petween your
M results and the class results?

GUIDE FOR READING he city of portland, Oregom was founded 1 the mid-1800s.
Asa L. Lovejoy and Francis W. Pettygrove

ot e Two men,

@ How do the principles © E . . :
Srobability help explain owned the land on which the new city was built. Love)oys §
Mendel's results? who was from Massachusetts, wanted to name the new town
o How do geneticists use Boston. Pettygrove however, thought the town should be named
punnett squares’ after his hometowm portland, Maine- To settle the disput® they

Reading Tip Before YOU read, decided to toss @ coin. Pettygrove won, and the new town was

rewrite the headings in the

section as questions that begin namEd Pordand' ] ;
with how, what, or why. As you What was the chance that Pettygrove would win the coin
read, look for answers 10 these  toss? To answer this question, you need to un i

questions- ciples of probability. Probability 15 the likelihood that 2 partic-

ular event will occur.

derstand the Prin- S
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rinciples of Probability

@, did the Discover activity,you used the principles of prob-
miity to predict the results ol a particular event. Each time you
yss a coin, there are two possible ways that the coin can land—
cads up or tails up. Each of these two events 1§ equally likely to
jccur. In mathematical terms, you can say that the probability
hat a tossed coin will land heads up is 1 in 2. There is also a
| in 2 probability that the coin will land tails up. A 1in 2 prob-
\bility can also be expressed as the fraction ! orasapercent—
50 percent.

If you tossed a coin 20 times, you might expect it to land
heads up 10 times and tails up 10 times. However, you might not
actually get these results. You might get 11 heads and 9 tails, or
8 heads and 12 tails. Remember that the laws of probability pre-
dict what is likely to occur, not necessarily what will occur.
However, the more tosses you make, the closer your actual results
will be to the results predicted by probability.

When you tossa coin more than once, the results of one toss
donot affect the results of the next toss. Each event occurs inde-
pendentl}’. For example, suppose you t0ss a coin five times and
it lands heads up each time. What is the probability that it will

d heads up on the next toss? Because the coin landed heads up
on the previous five tosses, you might think that it would be
likely to Jand heads up on the next toss. However, this is not the
ase. The probability of the coin landing heads up on the next
1oss is still 1 in 2, or 50 percent. The results of the first five tosses
Jo not affect the results of the sixth toss.

Checkpaint Whyistherea lin2 probability that a tossed coin
will land heads up?

10 40 Dreb bl
Caleple ting & rebahility

When the probability of an
event is 1, the event is certain
to happen. When the proba-
bility of an event is 0, the
event is impossible. Events with
probabilities between O0and1
are possible.

Suppose that 6 out of 10
marbles in a bag are red.
Here’s how you can calculate
the probability of pulling out
a red marble from the bag.

1. There are 10 marbles in the
bag, and 6 of them are red.

2. Write this comparison as a
fraction.

6 red marbles
10 marbles total

B e d
10 5
The probability of choosing a
red marble is % or 3 out of 5.

If the other 4 marbles in the
bag are blue, what is the
probability of pulling out a
blue marble? What is the
probability of pulling out a
green marble?

Figure 6 According to the
laws of probability, there is a
50 percent probability that

" the coin will land heads up.
Calculating What is the
probability that the coin will
land tails up?

wier 3 95
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ith peas. Remember that
every Cross that he
ts that were hybrid
ants had tall stems:

--eeddel an
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think back to Mendel's experi
Mendel carefully counted the offspring from

carried out. When Mendel crossed two plan
for stem height (Tt), three fourths of the F,p!
One fourth of the plants had short stems:
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punnett Squares
A tool that can help you understand how the laws of probability
.- apply t0 genetics is called a Punnett square A Punnett square is
a chart that chows all the possible combinations of alleles that :
can result from2 genetic cros>: Geneticists use€ Punnett squares
to show all the possible outcomes of a genetic cross and to
determine the probability ofa particular outcome.
The Punnett square in Figure 7 shows between tWO
hybrid tall pea plants (Tt). Each parent ca r of its alleles,
T or 1,10 itS offspring. eles that one parent can
pass on are written across the top of the Punnett square. The
ossible alleles that the other parent cant pass on are written
down the left sid e. The boxes in the

nations ©
inherit. The
cation problem,

t
by each parent.

boxes are
with oneé al

nnett Square You can use a4
probability that §

Using a Pu
e to calculate the

Punnett squar

‘——b'.
-

ssible comb'mations Vi

| Thus, there ar¢ four po
bability that an offspring

alleles. The pro

% Figure 7 This Punnett square shows
a cross between two hybrid tall pea
arts Which ollele

lants. |nterpreting Ch
combinations will result in tall offspring=
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argputrd

ity that an offspring
however, that the Tt

mbination appears in two boxes in the Punnett square.
; is because there are two possible ways in which this combi-
on can occur. The probability, then, that an offspring will be
s 2 in 4, or 50 percent.
Recall that when Mendel performed this cross, he discovered
t about three fourths of the plants (75%) had tall stems. The

1aining one fourth of the plants (25%) had short stems. Now

1 can understand why that was true. Plants with the TT allele

mbination would be tall. So too would those plants with the Tt
ele combination. Remember that the dominant allele masks
e recessive allele. Only those plants with the tf allele combina-

»n would be short.

redicting Probabilities You can also use a Punnett square
» predict probabilities. For example, Figure 8 shows a cross
etween a purebred black guinea pig and a purebred white

ninea pig. The allele for black fur is dominant over the allele for
shite fur. Notice that only one allele combination is possible in

he offspring— Bh. Al of the offspring will inherit the dominant
illele for black fur. Because of this, all of the offspring will have
& fur. You can predict that there is 2 100% probability that
pfspring will have black fur.

If two guinea pigs with the alleles Bb are crossed,
bs the probability that an offspring will have white fur?

Tis 1 in 4, or 25 percent. The probabil
is also 1 in 4, or 25 percent. Notice,

Figure 8 This Punnett square
shows a cross between a black
guinea pig (BB) and a white guinea
pig (bb). Calculating What is the
probability that an offspring will have

white fur?

Coin Crosses
Here's how %
you can use

coins to model Mendel's cross

between two Tt pea plants.

1. Place a small piece of
masking tape on each side
of two coins.

2. Write a T (for tall) on one

side of each coinand a ¢
(for short) on the other.

3. Toss both coins together
20 times. Record the letter
combinations that you
obtain from each toss.

Interpreting Data How many
of the offspring would be tall
plants? (Hint: What different
letter combinations would
result in a tall plant?) How
many would be short?
Convert your results to
percents. Then compare your
results to Mendel’s.
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(b Phenotypes and Genotypes b

Two useful terms that geneticists use to describe organisms are
EaSnphype | Cenodvs phenotype and genotype. An organism’s phenotype (FEE noh
Tall . T typ) is its physical appearance, or its visible traits. For example,
i pea plants can have one of two different phenotypes for stem
jiea '; " height—short or tall.
Short ‘ tt An organism’s genotype (JEN uh typ) is its genetic makeup,
or allele combinations. To understand the difference between
phenotype and genotype, look at the table in Figure 9. Although
all of the tall plants have the same phenotype (they are all tall),
they can have two different genotypes—TT or Tt. If you were to
look at the tall plants, you would not be able to tell the differ-
ence between those with the TT genotype and those with the Tt
genotype. The short pea plants, on the other hand, would all
have the same phenotype—short stems—as well as the same
genotype—tt. .

Geneticists use two additional terms to describe an organ-
ism’s genotype. An organism that has two identical alleles for a
trait is said to be homozygous (hoh moh zY gus) for that trait.
{ A tall pea plant that has the alleles TT and a short pea plant with ;

: the alleles tt are both homozygous. An organism that has two 3
different alleles for a trait is said to be heterozygous (het ur oh ¥
zy gus) for that trait. A tall pea plant with the alleles Tt is het-
erozygous. Mendel used the term hybrid to describe heterozy-3
gous pea plants.

of Cheeckpoint If apea plant’s genotype is Tt, what is its phenotype?

Figure 9 The phenotype of an
organism is its physical appearance.
Its genotype is its genetic makeup.

Codominance

For all of the traits that Mendel studied, oneé
allele was dominant while the other was reces-
sive. This is not always the case. For someZ
alleles, an inheritance pattern called codom-§
inance exists. In codominance, the alleles 2
neither dominant nor recessive. As a result,;
neither allele is masked in the offspring, 3
Look at the Punnett square in Figure 115
Mendel’s principle of dominant and rece:
sive alleles does not explain why the he
erozygous chickens have both black and whi
feathers. The alleles for feather color

Figure 10 In Erminette chickens,
the alleles for black feathers and
white feathers are codominant.
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Figure
Cross in
have bo

Classifying Will the offspring be

heterozygous or homozygous?
Explain your answer.

yminant—neither dominant nor recessive. As you can see,
er allele is masked in the heterozygous chickens. Notice also
the codominant alleles are written as capital letters with
gipts—FB for black feathers and FV for white feathers.
1€ Punnett square shows, heterozygous chickens have the

V allele combination.

nother example of codominance can be found in cattle. Red
and white hair are codominant. Heterozygous cattle have
» with both white hairs and red hairs. From a distance, het-

rgous cattle look pinkish brown, a color called roan.

Section 2 Review

natis meant by the term probability? How is probability

ated to genetics?

M are Punnett squares useful to geneticists?

\atis the difference between a phenotype and a

notype? Give an example of each.

vhite cow is crossed with a red bull. The calf is neither

Me nor red, but roan, Explain how this happens.

daking Critically Problem Solving In pea plants,
for round seeds (R) is dominant over the allele for
seeds (r). Construct a Punnett square that shows a

8 between 2 heterozygous plant with round seeds (Rr)

ia homozygous plant with wrinkled seeds (rr). What is

F_mb-l‘ib"m’at N offspring will have wrinkled seeds?
N R O :‘g

¥

The Guess
': faml'nly mem

11 The offspring from the
this Punnett square will
th black and white feathers.

..
""""""""""

Ing Game 1y,
ber think of ik
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important part of science. An accurate

, prediction can be a sign that you
understand the event you are studying. In this
lab, you will make predictions as you
events involved in genetic CToSSes.

Tou know that making predictions is an

ool W

| " Problem
: o+ ! How can you predict the possible results of

i

© .21 genetic crosses?

. Materials

. 2 small paper bags
marking pen

> 3 blue marbles

' 3 white marbles

: Procedure

;1. Labe! one bag “Bag
the other bag “Bag 2,Male parent.” Then
read over Part 1, part 2, and Part 3 of this
lab. Write @ prediction about the kinds of
offspring you expect from gach Cross.

» s .
. ipfen. (W

T T o v w———

- —
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Making Modes =

mode! the

1, Female parent.” Label

" DATA TABLE

%8 ‘
3

RIGHT CALL

part 1 Crossing Two Homozygous
Parents

2. Copy the data table and tabel it Data Table
Number 1.Then place two plue marbles in
Bag 1. This pair of marbles represents the
female parent's alleles. Use the \etter B 10
represent the dominant allete for blue color.

3. Place two white marbles in Bag 2. Use the
\etter b 10 represent the recessive allete for
white color.

4. For Trial 1, remove one marble from Bag 1
without looking in the bag. Record the result
in your data table. Return the marble to the
bag. Again, without looking in the bag,
remove one marble from Bag 2. Record the
result in your data table. Return the marble
to the bag.

5. In the column labeled Offspring’s Alleles,
write BB if you removed two blue marbles,
bb if you removed two white marbles, or Bb
if you removed one blue marble and one '
white marble.

6. Repeat Steps 4 and 5 nine more times.

, o Number —— o
Trian Allele From Bag | Aliez From Bag 2 Offspring’s
' (Female Parent) | (Maf-"arem) Alleles

[

P

e

i, sl - Ce S

B -y P




Crossing a Homozygous

pParent With a Heterozygous

Parent

7. Place two blue marbles in Bag 1. Place one

white marble and one blue marble in Bag 2.

' Copy the data table again, and label it Data
Table Number 2.

8 RepeatSteps 4 and 5 ten times.

 part 3 Crossing Two Heterozygous
Parents
. @ Place one blue marble and one white marble
, Bag 1. Place one blue marble and one
. white marble in Bag 2. Copy the data table
again and label it Data Table Number 3.
10. Repeat Steps 4 and 5 ten times.

Part 2

| Analyze and Conclude

1. Make a Punnett square for each of the crosses
E Y modeled in Part 1, Part 2, and Part 3.

R 2 According to your results in Part 1, how many
R atterent kinds of offspring are possible when
e homozygous parents (BB and bb) are
R orossed? Do the resuits you obtained using
- B marble model agree with the results
wn by a Punnett square?

3. According to your resuits in Part 2, what
percent of offspring are likely to be ,
homozygous when a homozygous parent (BB) -
and a heterozygous parent (BD) are crossed?
What percent of offspring are likely to be
heterozygous? Does the model agree with the
results shown by a Punnett square?

*

YRR

T

4. According to your results in Part 3, what %
different kinds of offspring are possible when ¥
two heterozygous parents (Bb < Bb) are o
crossed? What percent of each type of offspring
are likely to be produced? Does the model
agree with the results of a Punnett square? %2

5. For Part 3, if you did 100 trials instead of e
10 trials, would your results be closer to the b

results shown in a Punnett square? Explain.
6. Think About It How does the marble model 5, .
compare with a Punnett square? How are the ;-
two methods alike? How are they different? T

Design an Experiment
In peas, the allele for yellow seeds (Y) is
dominant over the allele for green seeds (¥).
What possible crosses do you think could
produce a heterozygous plant with yellow
seeds (Yy)? Use the marble model and Punnett
squares to test your hypothesis.

B BN UL R .

” o LR
AR AT A ARP - wal
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D3 The Cell and Inheritance
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: Which Chromosome Is Which?

* Mendel did not know that chromosomes play 2 3. Turn over one craft stick “chromosome”

* role in genetics. Today we know that genes are from each piece of paper. Move both sticks
* |ocated on chromosOmes. to a third piece of paper. These represent
¢ 1. Label two craft sticks with the letter A. The ?\lp?”g cl}Io‘moson;gs ‘?éhiﬁisg:'eng'

s craft sticks represent a pair of chromosomes in fcf’ gtneaes c%m Inatioping

*  the female parent. Turn the sticks face down offspring receivec.

* onapiece of paper.

3 2. Label two more craft sticks with the letter a. s e o

s These represent a pair of chromosomes in the 19"'"9 se this mo : = 59 e:f? a_tnh 0_‘:’

s male parent. Turn the sticks face down on & : r<:l'11'1110fomes are involved in the inheritance
e another piece of paper. alialieiEs:

rm

. GUIDE FOR READING

& What role do chromosomes
play in inheritance?

hen Mendel’s results were rediscovered in 1900,
scientists became excited about his principles of
‘nheritance. They were eager to identify the struc-
o What events occur during tures that carried Mendel’s hereditary factors, or gEnes.
meiosis? In 1903, Walter Sutton, an American geneticist, added an
Reading Tip As you read, important piece of information to the understanding of genetics.
write a sentence that states the  Sutton was studying the cells of grasshoppers. He was trying to
main idea of each paragraph- understand how sex cells—sperm and egg—form. A sperm is the
male sex cell. An egg 1 the female sex cell. During his studies,

Sutton examined sex cells in many different stages of formation.

Sperm cells ¥ He became particularly interested in the movement of chromo-
somes during the formation of sex cells. Sutton hypothesized that
chromosomes were the key to understanding how offspring come
to have traits similar to those of their parents.

< Egg cell

- s




C:ooinocemes and inheritance

Sutton knew that structures inside cells must be rezponsible
for the inheritance of genes. He needed evidence to support
his hypolhesis that chromosomes were those structures.
Sutton compared the number of chromosomes in a grasshop-
per’s sex cells with the number of chromosomes in the other
cells in the grasshopper’s body. As you can see in Figure 12,
the body cells of grasshoppers have 24 chromosomes. To his
surprise, Sutton found that the grasshopper’s sex cells have
only 12 chromosomes. In other words, a grasshopper’s sex cells
have exactly half the number of chromosomes found in its
body cells. :

Sutton knew that he had discovered something important.
He observed what happened when a sperm cell (with 12 chro-
mosomes) and an egg cell (with 12 chromosomes) joined. The
fertilized egg that formed had 24 chromosomes—the original
number. As a result, the grasshopper offspring had exactly the
same number of chromosomes in its cells as did each of its
parents. The 24 chromosomes existed in 12 pairs; One chro-
mosome in each pair came from the male parent, while the
other chromosome came from the female parent.

Sutton concluded that the chromosomes carried Mendel’s
hereditary factors, or genes, from one generation to the next. In
other words, genes are located on chromosomes. Sutton’s idea
came to be known as the chromosome theory of inheritance.
According to the chromosome theory of inheritance, genes

_ > e aarried from parents to their offspring on chromosomes.

i&wépam How does the number of chromosomes in a
'__:"ﬂ‘wpper’s sex cells compare to the number in its body cells?

Figure 12 Grasshoppers have 24

chromosomes in each of their body

cells. Applying Concepts How many
chromosomes did Sutton observe in

the sperm cells and egg cells of

grasshoppers?
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Meiosis

How do sex cells en

d up with half the number of chromosomes

as body cells? To answer this question, you need to understand
the events that occur during meiosis. Meiosis (my OH sis) is the 4

process by which the number of chromosomes is reduced by half 3

to form sex cells—sperm and eggs.

You can trace the events of meiosis in Exploring Meiosis. In =
this example, each parent cell has four chromosomes arranged in 3
two pairssDuring meiosis, the chromosome pairs separate and !

are distributed to two different cells. The resulting sex cells
have only half as many chromosomesas the other cells in the 3

organism. In Explo

ring Meiosis, notice that the sex cells end up

with only two chromosomes each—half the number found in

the parent cell. Only one chromosome from each chromosome
pair ends up in each sex cell.
When sex cells combine to produce offspring, each sex cell

will contribute half

the offspring gets the normal number of chromosomes—half

from each parent.

Figure 13 This Punnett square E{W What types of cells form by meiosis?

shows how alleles separate when

sex cells form during meiosis. It Meiosis and Punnett Squares

also shows the possible allele T .

combinations that can result The Punnett squares that you learned about earlier in this
after fertilization occurs. chapter are actually a shorthand way to show the events that

Interpreting Charts What s the oceur at meiosis. When the chromosome pairs separate into
two different sex cells, so do the alleles carried on each chro-

probability that a sperm cell will
contain a T allele?

Male
parent cell

Possible /\f’:ﬁi /'lf"-j;'
sperm cells . -

Female
parent
cell /

N\

@

Possible
egg cells

the normal number of chromosomes. Thus,

mosome. One allele from each pair
goes to each sex cell. In Figure 13, you
can see how the Punnett square
accounts for the separation of alleles
during meiosis.

As shown across the top of the
: Punnett square, half of the sperm cells
, from the male parent will receive the
chromosome with the T allele. The
other half of the sperm cells will re-
ceive the chromosome with the tallele.
In this example, the same is true for
the egg cells from the female parent,
as shown down the left side of the
Punnett square. Depending on which
sperm ceJl combines with which egg_
i, cell, one of the allele combinations -
shown in the boxes will result.
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.g-meiosis, a cell undergoes two divisions to
duce sex cells that have half the number of

somes.
O Beginning of Melosis

Before meiosis begins, every chromo-
some in the cell is copied. As in mitosis,
centromeres hold the double-stranded

chromosomes together.

‘\:} Melosis |
The chromosome pairs line up next

to each other in the center of the cell.

The pairs then separate from each

. other and move to opposite ends of
the cell. Two cells form, each with

half the number of chromosomes.
Each chromosome is still double-
stranded.

J Melosis Il
The double-stranded chromosomes
move to the center of the cell. The
centromeres split and the two
strands of each chromosome
separate. The two strands move to
opposite ends of the cell.

End of Melosis
Four sex cells have been produced. Each cell
has only half the number of chromosomes
that the parent cell had at the beginning of
meiosis. Each cell has only one chega:Dsam:
from each original pair. i :
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Chromosomes

Since Sutton’s time, scientists have studied the
chromosomes of many different organisms, The
body cells of humans, for example, contain
23-pairs, or- 46 chromosomes: The body cells of
dogs have 78 chromosomes, while the body cells
of silkworms have 56 chromosomes. As you can
see, larger organisms don’t always have more
chromosomes.

Chromosomes are made up of many genes
joined together like beads on a string. Sutton rea-
soned that chromosomes must contain a large
number of genes because organisms have so many
traits. Although you have only 23 pairs of chro-
mosomes, your body cells contain more than
60,000 genes. Each of the genes controls a partic-
ular trait.

Look at the pair of chromosomes in Figure 14.
One chromosome in the pair came from the
female parent. The other chromosome came from
the male parent. Notice that each chromosome in

A chromosome pair . i

g the pair has the same genes. The genes are lined

Figure 14 Genes are located on up in the same order from one end of the chro-

chromosomes. The chromosomes in a mosome to the other. However, the alleles for

pair may have different alleles for some some of the genes might be different. For exam-

genes and the same alleles for others. ple, the organism has the A allele on one chro-

Classifylng Forshicgenesis Ly mosome and the a allele on the other. As you can
organism homozygous? For which genes : g oo .

see, this organism is heterozygous for some traits

is it heterozygous?
and homozygous for others.

,}f-—-\
Y

Section 3 Review

saeaw
Cllll.l"..l..!'.l"lil.l."lll. W

Check Your Progress

At this point, you should find a
classmate with a paper pet of the
Opposite sex. Suppose the two pets were
crossed and produced six offspring. For
eac_h trait, use coin tosses to determine
which allele the offspring will inherit from
each parent. Construct a paper pet for

tsasnsane

1. Explain the role that chromosomes play in
inheritance.

2. Briefly describe what happens to chromosomes
during meiosis.

3. On what structures in a cell are genes located?

4. How is a Punnett square a model for what
happens during meiosis? each offsprin . ;

5. Thinking Critically Inferring The body one has i?}he?;t::r;?m?i%eﬂt‘ﬁetmets =
cells of hamsters have 44 chromosomes. How ———waftsisas..  trait spiheir backs genotype
many chromosomes would the sex cells of a dhecr ST M N :
hamster have?

R T Y T T
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o Y The DNA Connection

Can You Crack the Code? S

1. Use the Morse code in the chart to decode the question in
the message below. The letters are separated by slash
Q --°-~ marks.

o__./oco./o/o..o/o/n_/c..-/o[..._cjo/_o[
cfoo-/a...--/.__._/_.-_o/o_[._/o/..uo/

2. Write your answer to the question in Morse code.

3. Exchange your coded answer with a partner. Then decode

yateo your partner’s answer.
1 —.| Think It Over
: v W Forming Operational Definitions Based on your results
ol o T from this activity, write a d&finition of the word code. Then
5

compare your definition to one in a dictionary.

white buffalo calf was born on Childs Place Farm near  Weji]l») o] LTV [
Hanover, Michigan, in 1998. White buffaloes are

extremely rare, occurring only once in every 10 million ¢ What s meant by the term

: s b b “h * h “genetic code”?
births. Why was this calf born with such an uncommon Phe- ¢ iow does a cell produce

notvpe? To answer this question, you need to know how the proteins?

genes on a chromosome control an organism’s traits. @ How do mutations affect an
organism?

The Genetic Code Reading Tip As you read,

create a flowchart that shows

Today scientists know that the main function of genes is 10 how a cell produces proteins.

control the production of proteins in the organism’s cells.
Proteins help to determine the size, shape, and many other
£ traits of an organism.

Figure 15 The white
color of this buffalo calf )
is very unusual. Both of 2
the calf’s parents had

brown coats. °
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{ Recall from Chapter 2 that DNA is a major component of T
chromosomes. In Figure 16, you can see the relationship between )

chromosomes and DNA. Notice that a DNA molecule is made i
up of four different nitrogen bases—adenine (A), thymine (T), c.
guanine (G), and cytosine (C). These bases form the rungs of

the DNA “ladder” A single gene on a chromosome may contain i
anywhere from several hundred to a million or more of these t
bases. The bases are arranged in a specific order—for example, 2 0
ATGACGTAC. 51
The order of the nitrogen bases along a gene forms a ! e
fies what type of protein will be C

genetic code that speci
produced. In the genetic code, a group of three bases codes for 3 it

the attachment of a specific amino acid. Amino acids are the

building blocks of proteins, The order of the bases determines A

the order in which amino acids are put together to form a r

protein. You can think of the bases as three-letter code words. t

The code words tell the cell which amino acid to add to the {

growing protein chain. -

of Checkproint What is the main function of genes? s

: :

{ How Cells Make Proteins ¢ -0

. - . . . " - " =t n

Figure 16 A chromosome con- The pfoductxon o.f proteins 18 calleril protein sfynthesw During 1

tains thousands of genes along its protein synthesis, the cell uses information from a gené t

length. The sequence of bases on a chromosome to producea specific protein. Protein syns - a

along a gene forms a code that tells  ‘thesis takes place on the ribosomes in the cytoplasm of the celt! t

the cel what protein to produce As you know, the cytoplasm is outside the nucleus. The chro-g F

Interpreting Diagrams Where in the Y o — : ' :
mosomes, however, are found inside the nucleus. How, then,3

t

cell are the chromosomes Jocated?

does the information needed to produce proteins get out of the]
nucleus and into the cytoplasm?

f;i‘-.

Chromosome

Cell
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The Role of RNA Before protein synthesis can take place, a
“ messengvE must first carry the genetic code from the DNA
inside the nucleus into the cytoplasm. This genetic messenger is
-lled ribonucleic acid, or RNA.

Although RNA'is similar to DNA, the two molecules ditfer
in some important ways. Unlike DNA, which looks like a
rwisted ladder, an RNA molecule almost always looks like only
one side, OT strand, of the ladder. RNA also contains a different
sugar molecule from the sugar found in DNA. Another differ-
ence between DNA and RNA is in their nitrogen bases. Like
DNA, RNA contains adenine, guanine, and cytosine. However,
1stead of thymine, RNA contains uracil (Yoor uh sil).

There are several types of RNA involved in protein synthesis.
\fessenger RNA copies the coded message from the DNA in the
ucleus, and carries the message into the cytoplasm. Another
tvpe of RNA, called transfer RNA, carries amino acids and adds
them to the growing protein.

-

Translating the Code The process of protein synthesis is
shown in Exploring Protein Synthesis on the next page. The first
step is for a DNA molecule to “unzip” between its base pairs. Then
one of the strands of DNA directs the production of a strand of
messenger RNA. To form the RNA strand, RNA bases pair up with
the DNA bases. Instead of thymine, however, uracil pairs with
adenine. The messenger RNA then leaves the nucleus and attaches
toa ribosome in the cytoplasm. There, molecules of transfer RNA
pick up the amino acids specified by each three-letter code word.
Each transfer RNA molecule puts the amino acid it is carrying in
the correct order along the growing protein chain.

i ‘W What is the function of transfer RNA?

Sharpen yaour

Skills

Predicting A%

The following
is a sequence of nitrogen
bases on a DNA molecule.

Write out the sequence of
RNA bases that would pair up
with the DNA bases.

Nitrogen bases ﬁ)

Cst WO Q ULCLS W l"v [b( (/\
MC{}

@ vy al / ,ﬁv"#eilf&
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| ‘fi’ EE?E@EE%@ Protein Synthesis

To make proteins, messenger RNA copies information from DNA in
the nucleus. Transfer RNA then uses this information to produce
proteins in the ribosomes.

O Messenger RNA Production
In the nucleus, a DNA molecule serves as
a “pattern” from which messenger RNA is
made. The DNA molecule “unzips” between
nitrogen base pairs. RNA bases match up
along one of the DNA strands. The genetic
information in the DNA is transferred to the
messenger RNA strand.

Ribosome

e —
gt
-

Messenger
RNA

{ et or @ Messenger RNA Attaches to a Ribosome
RNA When the messenger RNA enters the cytoplasm, it
attaches to a ribosome, where production of the protein

chain begins. The ribosome moves along the messenger

RNA strand and “reads” each three-letter code of bases.

Mutations

| Suppose that a mistake occurred in one gene of a chromosome.
Instead of the base A, for example, the DNA molecule might have'
the base G. This is one type of mistake that can occur in a cell’s
g hereditary material. Any change that occurs in a gene or chro-,
‘: mosome is called a mutation. Mutations can cause a cell to pro-
il duce an incorrect protein during protein synthesis. As a result,

the organism’s traits, or phenotype, will be different from what :
it normally would have been. In fact, the term mutation comes
from a Latin word that means “change.” :

Types of Mutations Some mutations are the result of small
changes in an organism’s hereditary material, such as the substi-
tution of a single base for another. This type of mutation can
occur during the DNA replication process. The white coat on the




Transfer RNA Attaches to Messenger RNA

ansfer RNA molecules carry specific amino acids
ribosome. There they match up with three-

!odes of bases on the messenger RNA. The

-olEir\ chain grows as each amino acid is

tached in the correct sequence.

Amino Protein

Transfer

Messenger
RNA

O Protein Production Complete
The protein chain continues to grow
until the ribosome reaches a three-
letter code that acts as a stop sign.
The ribosome then releases the
completed protein chain.

falo calf you read about at the start of this section might have
ilted from this type of mutation. Other mutations may occur
:n chromosomes don’t separate correctly during meiosis.
en this type of mutation occurs, a cell can end up with too
ny or too few chromosomes.

If a mutation occurs in a body cell, such as a skin cell, the
tation will affect only the cell that carries it. If, however, a
tation occurs in a sex cell, the mutation can be passed on to
offspring and affect the offspring’s phenotype.

e.Effects of Mutations Because mutations can introduce
Mges in an organism, they can be a source of genetic variety.
e of the changes brought about by mutations are harmful
mganism. Other mutations, however, are helpful, and

ers are neither harmful nor helpful. A mutation is

ﬂ{% ... Chapter3 111
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harmiful to an organism if it reduces the organ-
.sm’s chance for survival and reproduction.
Whether a mutation is harmful or not de-
pends partly on the organism’s environment. The
mutation that led to the production of 2 white
buffalo calf would probably be harmful to an
organism in the wild. lts white color would make
:t more visible, and thus easier for predators to
find. However, a white buffalo calf raised on a
farm has the same chance for survival as a brown
buffalo. On the farm, the mutation is neutral—it &
neither helps nor harms the buffalo.
“JNiECRATING  oOme diseases in humans are
Hear caused by harmful muta-
tions. For example, some forms of cancer are 3
caused by mutations in an organism’s body cells. L
Overexposure to the ultraviolet radiation in sun- ;
light,_for example, may lead to mutations that
could cause skin cancer. In Chapter 4, you will’
learn more about other diseases that result from:
harmful mutations. :
Helpful mutations, on the other hand, improves
an organism’s chances for survival and reproduc-
tion. For example, a gene mutation in potatoes led
to the production of a new variety of potato called!

Figure 17 Mutations can affect an organism’s th_e Katahdin potato. This POt‘?to_ ISTESISIATIELO.SOmE
diseases that attack other varieties of potatoes. Asa

traits, or phenotype. The unusually large
strawberries on the left are the result of a bonus for humans, it also looks and tastes better

mutation. The cells of these strawberries have than other types of potatoes.
extra sets of chromosomes. g

.
SRt sssssrENIIIIISIRE RSB RRRORNRS
.

Check Your Progress
With your partner, plan a

- Section 4 Review

1. How do the nitrogen bases along a gene serve as v
: display of your pet’s family.

a genetic code? :
: Label the parents the P generation.

2. Briefly describe the process by which a cell P s _
produces proteins. : Label the offspring the F; generation.

3. What possible effects can a mutation have on an ggfgsttruhct a Punnett square for each
organism? it to help explain the inheritance

att i ’ . :
4. Where in a cell does protein synthesis take place? Ettaign):gu{ °;gtft;-‘ést lf)arr:ju.!y. (Hint:
5. Thinking Critically Relating Cause and way that lets viewers tim'st';!ay Ina

Effect Why are mutations that occur in an over to read their geno € pets

organism’s body cells not passed on to types.)

its offspring?

sssesemsane

Stssssens

sesnaes
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CHAPTER 3 STUDY GUIDE

rfndel’s Work

as

,r Mendel'’s work was the foundation for
standing why offspring have traits similar
yse of their parents.

are controlled by alleles of genes.

\isms inherit one allele from each parent.

. alleles are dominant and some alleles are

sive,

rms

purebred  dominant allele
v gene recessive allele
s allele hybrid

Probability and Genetics

INTEGRATING MArn:mnc_sa

eas
ability is the likelihood that a particular
t will happen.

el was the first scientist to interpret his
‘smg the principles of probability.
eticists use Punnett squares to show all the
ible outcomes of a genetic cross.

erms

bility homozygous
tt square heterozygous
type codominance
pe

; The Cell and Inheritance

deas

ording to the chromosome theory of
eritance, genes are carried from parents to
ir offspring on chromosomes.

ring meiosis, chromosome pairs separate to
m sex cells. Only one chromosome from

h pair ends up in each sex cell. The sex cells
ve half the number of chromosomes as the

1 egg meiosis

Tl
55

The DNA Connection

Key Ideas

@ The nitrogen bases along a gene form a code
that spccifies the order in which amino acids
will be put together to produce a protein.

& During protein synthesis, messenger RNA
copies the coded message from the DNA in
the nucleus and carries the message into the
cytoplasm. Transfer RNA adds amino acids to
the growing protein.

@ A mutation is a change in a gene or chromo-
some. Some mutations are harmful, some are
helpful, and some are neutral.

Key Terms
messenger RNA
transfer RNA
mutation

Organizing Information

Compare/Contrast Table Copy the table
comparing DNA and messenger RNA onto a
separate sheet of paper. Then complete the table.
(For more about compare/contrast tables, see the
Skills Handbook.)

Messenger

Characteristic| DNA RNA
Nitrogen a. 7, Adenine,
bases b. 7, uracil,

[ A guanine,

d._?7_ cytosine
Structure Twisted ladder |e. _2
Function Forms a genetic |f. _?

code that

specifies what

type of protein

will be produced

Lol |
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Reviewing Content
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§ Multiple Choice
. Choose the letter of the best answer.
‘ 1. The different forms of a gene are called
a. alleles. b. chromosomes.
\ c. phenotypes. d. genotypes.
| \ & 2. In a coin toss, the probability of the coin
: landing heads up is

a. 100 percent. b. 75 percent.
1 c. 50 percent. d. 25 percent.
N & 3. An organism with two identical alleles for a
& trait is
a. heterozygous.
b. homozygous.
1 | c. recessive.
d. dominant.
4. 1f the body cells of an organism have
10 chromosomes, then its sex cells
would have
a. 5 chromosomes.
b. 10 chromosomes.
c. 15 chromosomes.
i d. 20 chromosomes.
' 5. During protein synthesis, messenger RNA
a. “reads” each three-letter code of bases.
b. releases the completed protein chain.
c. copies information from DNA in the
nucleus.
d. carries amino acids to the ribosome.

True or False

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

6. The scientific study of heredity is called
genetics.
& 7. An organism’s physical appearance is its
genotype.
& 8. In codominance, neither of the alleles is
dominant or recessive.
9. Heredity is the process by which sex cells
form.

10. Proteins are made in the nucleus of the
cell.

114
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 CHAPTER 3 ASSESSMENT

Checking Concepts

11. Describe what happened when Mendel
crossed purebred tall pea plants with
purebred short ped plants. 2

& 12. You toss a coin five times and it lands heads gl
up each time. What s the probability that '
it will land heads up on the sixth toss?
Explain your answer. .
In guinea pigs, the allele for black fur (B) is 5§
dominant over the allele for white fur (b).In ;
a cross between a heterozygous black '
guinea pig (Bb) and a homozygous white
guinea pig (bb), what is the probability that 4
an offspring will have white fur? Usea
Punnett square to answer the question.

14. In your own words, describe the sequence

~  of steps in the process of meiosis.

15. Describe the role of transfer RNA in

\ protein synthesis. 3

16. Writing to Learn Imagine that you are 3

a student in the 1860s visiting Gregor
Mendel in his garden. Write a lettertoa . 3
friend describing Mendel’s experiments. 3

o613,

Thinking Critically

& 17. Applying Concepts In rabbits, the allele 3
for a spotted coat is dominant over the 3
allele for a solid-colored coat. A spotted
rabbit was crossed with a solid-colored -:§
rabbit. The offspring all had spotted coats
What were the genotypes of the parents?
Explain.

. Problem Solving Suppose you are
growing purebred green-skinned
watermelons. One day you find a mutant
striped watermelon. You cross the striped 3
watermelon with purebred green '
watermelon. Fifty percent of the offspring}
are striped, while fifty percent are green. :
Is the allele for the striped trait dominant
or recessive? Explain.

19. Predicting A new mutation in mice
causes the coat to be twice as thick as
normal. In what environments would
this mutation be helpful?

&1
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H H 22. Drawing Conclusions What are the
ing Skl“S genotypes of the parents? How do you know?
« the allele for green pods (441 is dominant
w allele for yellow pods (g). The table shows
cnotypes of the offspring produced from a
f two plants with green pods. Use the data
wer Questions 20-22.
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=parformance "N+ Assessment &-

Present Your Project Finalize your display

henotype Number of Offspring " of your p.et's family. Be prepared to discuss

- vr 9 the inheritance patterns in your pet’s family.
sreen p 3 Examine your classmates’ exhibits, and see
ellow pods which offspring look most like, and least like,

their parents. Can you find any offspring that
“break the laws” of inheritance?

Reflect and Record How did your paper
pets help you learn about genetics? How do
the inheritance patterns in your pet’s family
resemble real-life patterns? How could you use
paper pets to help you understand other topics
in genetics?

Calculating Calculate what percent of the
affspring have green pods. Calculate what
percent have vellow pods.

Inferring What is the genotype of the
offspring with yellow pods? What are the
possible genotypes of the offspring with
green pods?

)

est Pre para fion Use these questions to prepare for standardized tests.

0000000000000 00000 000 sns0e
eessssassescsssstansenrnane

¢ the information to answer Questions 23-26. 25. How could the pet store owner breed a litter
set store’s customers prefer pet mice with of only wh'ite mice? - ,
ok fur over mice with white fur. With this in a. by making sure that either the mother or
nd, the owner crossed a female with black fur the father has white fur
d'a male with black fur. When the mice were b. by making sure that both the mother and
rn, she was surprised that three of the ten the father have white fur
fspring had white fur. She did not know that c. by making sure that at least one of the
¢ parents were heterozygous for fur color. grandparents has white fur .
1. Which letters represent the genotype of the d. She could not breed a litter of only white
female parent? mice.
s. BB b. Bb 26. If the pet store owner were to Cross one
B d. bb homozygous black mouse with a heterozygous

black mouse, what percentage of the mice
would you expect to have white fur?

a. 0% b. 25%

c. 50% d. 75%

6. Which letters represent the genotype of the
. . male parent?

-&BB ° b. Bb

d.bb
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