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Extensive knowledge and modern science must be acquired. The
educational process we see loday Is in an ongoing and escalating
challenge which requires hard work.

We succeeded in entering the third millennium, while we are more
canfident in ourselves.”

H H, Sheikh Khalifa Bin Zayed Al Nahyan
President of the United Arab Emirates
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Folding Instructions
The following pages offer step-by-step instructions to make the Foldables study guides.

Layered-Look Book ” s
1. Collect three sheets of paper and layer them about ¥z inch i l

apart vertically. Keep the edges level. , '.\I

2. Fold up the bottom edges of the paper to form six equal tabs.

3. Fold the papers and crease well to hold the tabs in place.
Staple along the fold. Label each tab.

Trifold Book :

1. Fold a vertical sheet of paper into thirds.
2. Unfold and label each row.

—

Three-Tab Book 1

1. Fold a vertical sheet of paper from side to side. Make the
front edge about 2 cm shorter than the back edge.

2. Tum lengthwise and fold into thirds.

3. Unfold and cut only the top layer along both folds to make
three tabs. Label each tab.

Two- and Four-Tab Books

1. Fold a sheet of paper in half.

2. Fold in half again. f making a four-tab book, then fold in halt again dn
to make three folds.

3. Unfold and cut only the top layer along the folds to make two or
four tabs. Label each tab.

Foldables
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Four-Door Book

Find the middle of a horizental sheet of paper. Fold both
edges to the middie and crease the folds.

Fold the folded paper in half, from top to bottom.

3. Unfold and cut along the fold lines of the top layers to
make four tabs. Label each tab.

Concept-Map Book

1. Fold a vertical sheet of paper from top to bottom. Make the
top edge about 2 cm shorter than the bottom edge.
2. Tumn lengthwise and fold into thirds.

3. Unfold and cut only the top layer along both folds to make
three tabs. Label the top and each tab

Vocabulary Book

| g '
1. Fold a vertical sheet of notebook paper in half | 4 :-'-—'_"

2. Cut along every third line of only the top layer to form tabs.

Label each tab. _ %:L__j

Folded Chart

Fold a sheet of paper lengthwise into thirds.

2. Fold the paper widthwise into fifths.

3. Unfold, lay the paper lengthwise, and draw lines along the folds.
Label the table.

Foidabiles
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Teacher Edition Preview

Program Design

Welcome to the Teacher Edition of Glencoe Biology. We have created this
teacher edition based on input from experienced biology teachers and
educarional consultants. Our goal is provide you with research-based

teaching strategies and activities, which are labeled for you at point-of-use.

Hierarchical Structure

* Level 1: Glercoe Binlogy
is organized around five themes

5 ; scientifie inguiry, diversicy,

Dlﬁamrthatnd energy, homeostasis, and change.

Instruction =

* Leveled activities * Level 2: (LI Each * Lessons provide

: chapter has a Big Idea, which i
and oprions for P l 8 3 standards practice.
; summarizes the chapter content
differentiated P

Assessment and
Intervention

in an overarching statement. ¢ Assessments gauge
EICROn el student mastery
meer the needs of * Lewel 3: |"71]) Each section of stankanids
all srudents. of the chaprer has a Main ldea that ’
describes the focus of the section. * Additional resources
The Main Ideas within a chaprer provide Imervention
support the Big Idea of the chapter. options.

Standards-Based Instruction

Point-of-Use Review and Reinforcement
= Srrategies and activities * Scaffolding-support for the
apply directly wo gradual introduction ard
CONEnL reinforcement ol skills and

content-is Incorporated

= lemer icons on your
throughour the lessons.

reduced Student

Edition pages show you * Formative Assessments :
where and when o check student understanding
teach each concept. of key conceprs and provide =
opporunites for reteaching !
at the end of each section. E

Cogr e

4T Teacher Edition Preview
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Understanding the Letter Icons

The lerter icons on the reduced Student Edition pages Identify the type of strategy or activity. They are
placed at point-of-use o show you where and when 1o teach each concept See the key below to learn
abourt the various types of strategles and activities.
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Key for Using the Teacher Edition

ﬂ Reading Strategy activities help vou teach reading skills and vocabulary.

4 critical Thinking strategies require students to use higher-order thinking skills to apply and extend
what they have leamed.

E Skill Practice strategies help students organize information and use visuals for comprehension.
m Writing Support activites provide writing opportunities that help students comprehend the content

Develop Concepts activities use various strategies, such as scaffolding and clarifying misconceptions, to
help teachers gauge and plan for students’ concept development



Teacher Edition.Preview

Differentiated Instruction

@ Activity Leveling
Teaching strategies and actviries have been coded for ability level appropriateness. A
competency level is given for each activity using the following code:
AL Activites for students working above grade level
OL Activitles for students working on grade level
BL Actvides for students working below grade level
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Answers and Additional Support
Along the bomom of the Teacher Editlon, you will find
» answers o questions in the soudent edition;
» demonstrations and activities that help you quickly and easily address key conceprs:
*  Content-Background elements thar provide you with addidonal content informartion;
Differentiared-Instruction strategies that help vou meet the needs of all students;
Research Cirations thar highlight specific educarional stravegles and cite the research thar supports them.
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Planning and Teaching the Unit

Preview the Unit activity helps students
miake connections among the content
areas covered In the unir. explanation to help dispel that misconceprion.

ey e .

e e i
]
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B it ]
B85 e b e bl
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i b e
ey o
B e v e .

oy el Pe ey ey

S-Minute Unit Launch is a short preteaching

Calh

and

Clarify a Misconception clements provide a question
o elicit common student misconceptions and an

I 1
ir Structure
Functlon

VL R AT
e

x e e e e e

b Lok = i Bl
————1
e L T

T ——

T —

Themes give an overview of how each
of the five themes of Glencoe Binfogy is

activity that will help you introduce students covered in the unit.
o the content covered in the unit.
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Planning the Chapter

Planning pages appear at the beginning of each chaprer.

Chapter Organizers detall all secrion
objectives, standards covered, and
materials needed o teach the chapuer.

i ﬂu-l.m.
Imlurections belvwesn mle al™ 1a
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Lesson Pacing provides three different pacing Leveling Key describes the differentiared instruction

suggestions for the chaprer. When used in labels used throughour the Teacher Edition.

conjuncrion with the Pacing Guide on page
36T, you can taillor the pace of your Instruc-
tion to the individual needs of your classes.
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Teacher Edition Preview

Teaching the Chapter

Inrrodice the Chaprer and Blg kdea at the beginning of each chapter will help you 1o reach the standards.

Introduce the Chapter is a question about
the chaprer opening photo. The image
and question will engage students

In the chaprer content.

Principles of Ecology

irmnaius e CamH

e
= O CRCERTE T g

[EEE————
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G activities help students

understand the conceprual strucoire
of the chaprer-—starting with the Big

Idea overarching the chaprer o the
Main Ideas thar are the focus of each
secrion.

Themes are listed for each chaprer in the teacher
wrap. Use this information 1o help students make
connections among the themes of biology and the
content they are soudying.




Teacher Edition.Preview

Review: Sections

Student activities and questions throughout the book provide opportunicies
for ongoing assessment and remedlation
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Section Assessments provide students with Answers 10 all assessment questions are found
summary starements and questions thar rie In the Teacher Editdon.
to the learning objectives for that section

BT Teacher Edition Preview
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L Bk paina mieel thar leaming objective.
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Review: Chapters

Vocabulary Review and Understand Constructed Response and Think Critically require
Main Ideas assess comprehension of the students to demonstrate higher-order thinking and
vocabulary and conceprs In each section. use their writing skills.
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Document-Based Questions connect students

Big Idea Question asks students o apply every- to real-world applications as they evaluate real

data from current research. Students analyze
thing thar they have leamed in the chaprer. graph, et and ocher dieplays of dara

from recognized scientific journals and classic
historic documents.



Classroom Solutions

system?
by Emily M. Schell, Ed.D.

Backward Mapping

How can my instruction help students succeed in a standards-based

instructional planning based in the standards and maximizing available resources is essential for meaningful
teaching and learning of biology. Planning instruction with educational goals in mind makes for the most

C ontent standards articulate what students should know and be able to do in every biology classroom. Effective

effective teaching.

How do | map my curriculum?
Mapping the curriculum from beginning to end, and
from the end to the beginning-backward mapping

makes for solid instruction.

Mapping out the curriculum allows teachers 1o
achieve several goals. These goals include a better
understanding of the standards and content-specific
objectives, organization and pacing of the curriculum,
and focused assessment related to specific goals and
objectives.

«  Analyze the Biology Content Standards To
begin, teachers analyee the body of content standards
for biology. Then they compare and contrase these
standards to additional sources of information that
suppoart effective teaching and learning in biology.
This process works best with colleagues wha bring
varying perspectives and expertise to teaching the
subject. As a result of this collaboration, strengths
and weaknesses of the standands become apparent.
Teachers will have a better understanding of the
standards and identify concerns and questions for
follow-up while mapping.

« Analyze the Organization of the Standards-
Based Content Most biology teachers agree with
researchers that biology is best taught in order from
simple to complex living organisms. However, some
state standards either do not or cannot. present the
content in order from simple to complex living
organisms. Rich discussions about themes and
concepts tend to emerge, and teachers identify
meaningful methods for presenting complicated and
overlapping information. In this way, students will
see the connections that transcend the “simple to
complex” order.

10T Classroom Solulions

+ Identify the Content and Order of Teaching A
plan is developed to present content in a certain
order. Incorporating content that is either missing
from the standards or is essential in building
background knowledge with students enters the
curriculum map as well. Outside resources brought
into the classroom are good supplements.

« Separate Overlapping Units Identify areas of
instruction refated to the Themes, Big ldeas, or Main
Ideas. It is at this stage that backward planning is
introduced for the development of instrictional
units, which will support the grade level curriculum
map. The instruction must support the planned
assessment

«  Map Curriculum at Each Grade Level
Curriculum planning should be shared among all
subject-area teachers. Teachers will have a better
understanding of what knowledge and skills
students bring to their coursework ifl they take into
consideration what has been learned previously.

How do | use backward mapping?

Alter a yearlong course of study i mapped out, further
develop each unit through backward mapping. Start with
the end in mind-know your curricular goals and objectives
at the outset, which are often found in the content
standards and articulated in the curriculum maps.

Once goals have been determined, teachers develop
assessments that will show progress toward those
goals and objectives. In the final step of this backward
mapping process, teachers determine meaningful
teaching and learning strategies and identify useful
resouirces that support the assestment.

[ el [ T T
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To use backward mapping in developing your units of
instruction, consider the following steps:

Step One: Know Your Targets

First, identify exactly what students must know and do

in this unit. Analvze content standards and any other

resources that support curricular goals and objectives for

thiz unit. As vou plan, ask yourself:

¥ What do [ want my students to know as a result of
this unit?

¥ What skills will students develop during the course
of this unit?

¥ How do | describe these goals clearly and concisely
to my students so they understand where we should
be at the end of this unit?

«  ‘What essential knowledge will students need 1o
access bo make sense of this information?

¥ Do my instructional goals align with strategies
identified in the curriculum map?

« Have | introduced any Big ldeas that are pertinent to

this content?

Step Two: ldentify and Develop Assessments
Second, consider the mulriple forms of formal and
informal assessments that will help you determine to
what degree each studemt has achieved the stated goals
and objectives seen in Step One. Some assessments are
embedded throughout the instructional unit. while
others come at the end of the unit. Some assessments
are performance based, while others are not. Some are
authentic applications of information and skills, while
others require the formal recall of information.

Ask yourself:

" What do | want to know and see from each student?

«  ‘What are the best methods for students o
demonstrate what they know and can do based on
the goals and objectives:

+ How many assessments do | need to determine what
students know and can do?

How will | balance informal and formal assessments?

¢ How will 1 assess students with diverse learning
styles, skills, and abilities?

« How can | prepare and support students?

v  How will these assessments promote student
progress in biology?

« At whar time(s) during the unit will 1 administer
these assessments?

Backward Mapping

Step Three: Develop Meaningful Instruction

After the assessments for the unit have been

determined, consider the meaningful and effective

teaching strategies that will support learning and

student achievement on assessments. While developing

lesson plans for instruction, ask yourself:

«  How will students learn what they are expected to
krow?

v  How will I engage students in the concepes of this wnit?

«  In what ways might students relate or connect o
this information?

« ‘What research-based strategies will be most effective
with my students and in these studies?

+ How will | differentiate my instruction to meet the
diverse needs of my students?

v How will 1 scaffold or provide access to the
curriculum for my struggling learmers?

«  What vocabulary requires attention in this unit?

¥ How much time will | have to effectively teach this
unit?

o How will [ use the textbook and other resources to
support the goals and objectives for this unit!

v What lessons will [ develop?

«  In what sequence will | teach these lessons during
this unir?

¥  How will these lessons support the assessments from
step Two?

Step Four: Locate and Manage Resources

Effective teaching and learning of biology requires the use

of multiple forms of text and varied resources. Consider

what you have available in your classroom, including vour

textbook, and identify resources you will add in order to

teach this unit successfully. Ask yourself

v What parts of the textbook are required for the
lessons determined in Step Three?

« What ancillary materials are needed for the lessons
in this unit?

'  What 'Web sites will 1 recommend to students to
support these lessons?

« Dol need to contact guest speakers or obrain
outside resources?

«  What literature resources are available to support
this unit?

Emily Schell is a visiting professor at San Diego State
Linipersity and social studies education director at SO0
City Heights Educational Collaborative, San Diego. CA.



Classroom Solutions

L] by Douglas Fisher, Ph.D.

oday's classroom contains students from a
I variety of backgrounds with a variety of

learning styles, strengths, and challenges. As
teachers, we are facing the challenge of helping each
student reach their educational potential With careful
planning, you can address the needs of all students in
the biology classroom. The basis for this planning is
universal access. When classrooms are planned with
universal access in mind, fewer students require specific

accommaodations.

What is universal design?

Universal design was first conceived in architectural
studies when businesspeople, engineers, and architects
began making considerations for physical access
buildings. The idea was to plan the environment in
advance to ensure that everyone had access. As a result,
the environment would not have to be changed later for
people with physical disabilities, people pushing strollers,
workers who had injuries, or others for whom the
environment would be difficult to negotiate. The Center
for Universal Design, defines universal design as: The design
of products and environments o be wsable by all people, to the
greatest extent possible, without the need [or adaptation or
sperialized design

Universal Design and Access in Education
Researchers, teachers, and parents in education have
expanded the development of built-in adaptations and
inclusive accommadations from architectural space 1o
the educational experience, especially in the area of
curriculum.

In 1998, the Mational Center to Improve the Tools
of Educators (MCITE), in partnership with the Center
for Applied Special Technology (CAST), propased an
expanded definition of universal design focused on
education: In terms of learning, universal design meares the
design of instructionsl materials and activities that allom
the learning goals o be achiemable by individeals with wide
differences in their abilities to see, hear, speak, move, read,
write, attend, organize, engage, and remember.

12T Claswroom Solitions

Meeting the Diverse
Needs of Students

How does universal design

work in education?

Universal design and access. as they apply to education
and schooling, suggest the following:

« Inclusive Classroom Participation Curriculum
should be designed with all students and their
needs in mind. Glencoe Binlogy was desigred
for a wide range of students. For example,
students who struggle with reading will use this
texthook, vocabulary is specifically taught and
reinforced. Similarly, the teacher-support materials
provide multiple instructional points to be used
depending on the needs of the students in each
class. Further, the main ideas are identified for all
learmers. Throughout the text, there are multiple

opportunities to activare students’ prior knowledge.

Connections between whar students know and
think about are made throughout the text

v Maximum Text Readability In universally
designed classrooms that provide access for all
students, texts use direct language, clear noun-verb
agreements, and clear construct-based wording.

In addition 1o these factors, the Glenooe Biology
text uses embedded definitions for difficult terms,
provides for specific instruction in reading skills,
uses a number of visual representations. and
includes note-taking strategies.

+ Adaptable and Accommodating The content
in this texthbook can be easily translated, read alowd,
or otherwise changed to meet the needs of students
in the classroom. The section and end-of chaprer
assesaments provide students with mulriple ways of
demonstrating their content knowledge while also
ensuring that they have practice with thinking in
terms of multiple-choice questions. Critical thinking
and analysis skills also are practiced.

[ el [ T T
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Meeting the Diverse Needs of Students

How is differentiated instruction the key addition, students need to develop a sense of the Big

to universal access? [deas-ideas that transcend time and place.

To differentiate instruction, teachers must acknowledge Emphasize Critical and Creative Thinking The

student differences in background knowledge and content, process, and products used or assigned in

current reading, writing, and language skills They also the classroom should require thar students think

must consider student learning styles and preferences, about what they are learning. While some students

interests, and needs, and react accordingly. There may require support, additional motivation, varied

are a number of general guidelines for differentiating tasks, materials, or equipment, the overall focus on

instruction in the classroom to reach all students, critical and creative thinking allows for all students 1o

including: participate in the lesson

Link Assessment With Instruction Assessiments Include Teacher- and Student-Selected Tasks
should aceur before, during, and after instruction A differentiated classroom includes both teacher
o ensure that the curriculum is aligned with what and student-selected activities and tasks At some
students do and do not know. Using assessments in peints in the lesson or day, the teacher must provide
this way allows you to plan instruction for whole instruction and assign learming activities. In other parts
groups, small groups. and individual students. Backward of the lesson, students should be provided choices
mapping, in which you establish the assessment befare in how they engage with the content. This balance
you begin instruction, is also important. increases motivation, engagement, and leaming.

Clarify Key Concepts and Generalizations Students
need to know what is essential and how this
information can be used in their future lrarning. In

Below is an example of a classroom activity for teaching Mendelian inheritance. It is followed by an example of the
methods this text provides teachers for differentiating instruction to meet all students’ needs.

Classroom Activity Strategies for Differentiating this Activity:

Display an illustration that » Ask students to imagine that they are reporters living in the time when
shows a simple monohybrid Mendel performed his research. Have them write a newspaper article

cross of the traits studied introducing the general public to Mendel's research.

by Gregor Mendel Next * Have students create a concept map tracing a monohybrid cross through the
to the illustration, show second generation. Be sure they indicate dominant and recessive alleles.

a2 Punnett square that * Obtain and display some of Mendel's actual data for monohybrid crosses. Ask
predicts the results of students to compare the real data to the ratios predicted by Punnett squares.
such a cross. Discuss with Ask them how they think scientists recognize patterns in data.

students general information
regarding Mendel. his
studies, and the particular
monohybrid cross that is

displayed.

» Have students research Mendel and the environment in which he worked.
Ask them to write a two-page report on Mendel and his contributions.

» Give students an assortment of large and small paper clips. Have them use
two coin flips to choose two paper clips (heads = large; tails = small). Repeat
20 times. Tell them that large clips represent dominant traits, and small clips
represent recessive ones. Ask them to compare their paper clip ratios to the
predicted results of a monohybrid cross of heterozygous parents.
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How do | support individual students?

The majority of students will thrive in a classroom
based on universal access and differentiated instruction.
However, wise teachers recognize that no single option
will work for all students and there might be students
who require unique systems of support o be successful

Tips for Instruction

The following tips for instruction can support vour effores

to help all students reach their maximum potential

o Survey students to discover their individual differences.
Use interest inventories of their unique talents so you
can encourage contributions in the claroom.

¥ Be a model for respecting others. Adolescents
crave social acceptance. The student with learning
differences is especially sensitive to correction and
criticism, particularly when it comes from a teacher.
Your behavior will set the tone for how students
treat one another.

+ Expand opportunities for success. Provide a variety of
instructional activities that reinforce skills and conceprs,

+ Establish measurable objectives and decide how you
can best help students meet them.

¥ Celebrate successes and make note of and praise
“work in progress.”

« Keep it simple. Point out problem areas if doing so
can help a student affect change. Avoid overwhelming
students with oo many goals at one time.

« Assign cooperative group projects that challenge
all students to contribute to solving a problem or
creating a product.

How do | reach students

who have learning disabilities?

«  Provide support and structure. Clearly specify rules,
assignments, and responsibilities.

+ Practice skills frequently. Use games and drills to
help maintain student interest.

+ Incorporate many modalities into the learning process.
Provide opportunities o say, hear, write, read, and act
out important concepts and information.

«  Link new skills and concepts to those already mastered.
o [ possible, allow students vo record answers on audiotape.

o  Allow extra time to complete assessments and
assigniments.
+  Let students demonstrate proficiency with

alternative presentations. including oral reports, role
plays, and art or musical projects.

AT Claswoom Soliticns

«  Provide outlines, notes, or tape recordings of lecture
material.

Fair students with peer helpers, and provide class
timne for pair interaction.

How do | reach students who have

behavioral challenges?

+ Provide a structured environment with simple and
clearly defined schedules, rules. seat assignments,

and safety procedures.
v  Reinforce appropriate behavior and model it for stodents.

« Cue distracted students back o the task through
verbal and nonverbal signals and veacher proximity.

«  Set small goals that can be achieved in the short term
Work for long-term improvement in the big aneas.

How do | reach students who have

physical challenges?

v Openly discuss with the student any uncertainties
you have abour when to offer aid.

+ Ask parents or therapists and students what special
devices or procedures are needed and whether any
special safety precautions need vo be taken.

v Welcome students with physical challenges into all
class activities, including field trips, special events,
and classroom and community projects,

¥ Provide information to assist class members and
parents in their understanding of suppon needed.

How do | reach students who have

visual impairments?

«  Facilitate independence. Modify assignments as
needed.

+ Teach classmates how and when to serve as visual
guides.

v Limit unnecessary noise in the classroom if it
distracts the student with visual impairments.

L.

Provide tactile models whenever possible

«  Foster a spirit of inchusion. Describe people and
events as they occur in the classroom. Remind
classmates that the student with visual impairments
cannot interpret gestures and other forms of
nonverbal communication.
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Meeting the Diverse Needs of Students

Provide taped lectures and reading assignments for
tse outside the classroom.

Team the student with a sighted peer for written
assigniments.

How do | reach students who have
hearing impairments?

v

Seat students wherne they can see your lip
movements easily and where they can avoid any
visual distractions.

Avoid standing with your back o the window or
other light source.

Use an overhead projector so you can maintain eyve
contact while writing information for students.

Make sure students sit where they can see all
speakers.

Post all assignments on the board, or hand out
wrillen instructions.

Il the student has a manual interpreter, allow both
student and interpreter to select the most favorable
seating arrangements.

Teach students to look directly at each other when
they speak.

How do | reach students who are working
above level?

W

W

Make arrangements for students to take selected
subjects early and o work on independent projects.

Ask “whar if” questions to develop high-level
thinking skills. Establish an environment safe for
risk taking in your classroom.

Emphasize concepts, theories, ideas, relationships,
and generalizations about the content.

Promote interest in biology by inviting students to
make connections to other disciplines that interest
them

Let students express themselves in alternative
ways, such as creative writing, acting, debates,
simulations, drawing, or music,

Frovide students with a catalog of helpful
resources, including agencies that provide free

and inexpensive materials, appropriate community
services and programs, and community experts who
might be called upon to speak to your students.

Assign extension projects that allow students
to solve real-life problems related to their

comimunities.

Douglas Fisher is a professor af San Diego State University,
San Diego, CA.
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Academic Vocabulary

How can I help my students learn academic pocabulary?

What is academic vocabulary?

Academic vocabulary is the language used by the
educated and by leaders in business, academic, and other
professional disciplines. It is the language used in courts
of law and in professional books. including textbooks.
This type of vocabulary contains specific linguistic
features that are associated with academic disciplines

like biology. Proficiency in reading and using academic
vocabulary is especially related to long-term success in all
parts of life.

Academic vorabulary is the basis for academic
knowledge. By reinforcing academic vocabulary, teachers
can help learners to access authentic, academic texts-not
simplified texts that "dummy down® the content. In this
way, they can provide information that will help build
their students’ background knowledge rapidly.

By the time children have completed elementary
school, they must have acquired the knowledge neveded
to understand academic vocabulary. How many words
should they acquire to be able to access their textbooks?
A basic 2,000-word vocabulary of high-frequency words
makes up 87 % of the vocabulary of academic texts. Eight
hundred other academic words comprise an additional
8 % of the words. Three percent of the remaining words
are technical words. The remaining 2 % are low-frequency
words. There might be as many as 123,000 low
frequency wornds in academic texts

Why should students learn

academic vocabulary?

Students who have mastered a basic 2,000-word
vocabulary are ready to acquire the majority of general
words found in their academic texts.

Enowledge of academic words combined with
continued acquisition of general words can significantly
boost a student’s comprehension level of academic texts.
Students who learn and practice these words before they
graduate from high school are likely to be able to master
academic material with more confidence and speed. They
waste fess time and effort in guessing words or consulting
dictionaries than those who only know the basic 2 (00

words that characterize general conversation

16T Classroom Solulions

Also, consider academic success in terms of
measturement and assessment-state standards-based
assessments, the SAT, and the ACT-with regard to word
mastery. All demand an understanding of academic
vocabulary.

How do | include academic vocabulary

in my teaching?

+  Teachers can provide their students with rich
samples of academic vocabulary and help students
understand and attend to the academic vocabulary
in their text.

¥ To develop academic vocabulary, learners muist have
already acquired a basic proficiency in grammar.

+ Arademic vocabulary should be taught within
contexts that make sense. In terms of instruction,
teaching academic vocabulary includes providing

students with access to core curriculum-in this case,

biology.

¥ An understanding of academic vocabulary arises
not only from knowledge of a linguistic code and
cognition, but also rom social practices in which
it is used to accomplish communicative goals. The
acquisition of academic vocabulary and grammar is
necessary to advance the development of authentic,
academic language.
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Tips for Teaching Academic Vocabulary
Expose students to academic vocabulary. Provide
students with sufficient exposure to academic words:
Do not ignore struggling learmers in this process.
They can learn academic vocabulary before they
completely understand academic material.
Encourage broader learning by helping students
build academic vocabulary. Students who have
mastered the basic academic vocabulary are ready to
continue acquiring words from the rest of the groups.
To help determine which words are in the 2 .000-
wuord basic group, refer to Coxhead’s Academic
Word List

Guidelines for Teaching Academic Vocabulary:

There are a number of guidelines that teachers can use
when teaching academic vocabulary.

W direct and planned instruction
+ models-that have increasingly difficult language

Topic
Cyeles in nature (waler, carbon, nitrogen. phosphons)

Conservaiion and chamge in wildemess areas

Academic Vocabulary

l\

attention to form-pointing out linguistic features
of words

practice
motivation
instructional feedback

assessment-on a regular basis

. B W W

Classroom Activity: Writing About Ecology

As an example of teaching academic vocabulary, when
the class studies ecology, vou could give students an
impromptu writing assignment. Ask them to write a
short essay about one of the topics listed below in the
left column. Have students use as many of the academic
vocabulary words in the right column as they can in
their essays. Give students a time limit for their writing.
When students have completed the assignment, ask
student volunteers to share their writing. Help them wse
academic words comectly.

Beademic Vocabulary
chemaal
oycle

anengy
environment

et
area
Demnef
chiallamge
Communty
diverss
nplement
requiaie
SlEess
SUCCESSHn
Surskain
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Test-Taking Strategies

How can I help my students succeed on tests?

Il's not enough for students to learn biology facts and concepts-they must be able to show what they know

in a variety of test-taking situations.

How can | help my students do well on
objective tests?

Oibsiecrive tests might include moltiple choice, truefalse, amd
mutching questions. Applying the following strategies can
help students do their best on objective reses.

Multiple-Choice Questions

+  Students should read the directions carefully to leamn
what answer the test requires-the best answer or
the right answer. This is especially important when
answer choices include "all of the above™ or “none of

the above.”

+  Advise students to watch for negative words in the
questions, such as not, except, unless. and neper. 1
the guestion contains a negative, the correct answer
choice is the one that does not fit.

+  Students should try to mentally answer the
questions before reading the answer choices.

«  Students should read all the answer choices and
cross out those that are obviously wrong. Then they
should choose an answer from those that remain

True/False Questions
« It is imporant that students read the entire question

before answering. For an answer to be true, the
entire statement must be true. If one pant of a
statement is flse. the answer should be marked False.

Remind students to watch for words like all, never,
every, and almays. Statements containing absolute
words such as these are often false.

Matching Questions

'

W

W

Students should read through both lists before they
mark any answers.

Unless an answer can be used more than once,
students should cross out each choice as they use it

Lsing what they know about grammar can help
students find the right answer. When matching a
word with its definition, the definition is often the
same part of speech {noun or verb, for example) as
the word.
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Test-Taking Strategies

How can | help my students do well on essay tests?

Essay tests reguire students to write o thoromgh and well orgonized answer to o guestion or questions. Help students ose the
follouing strategies On essay [eses.

Read the Question

The key to writing successful essays lies in reading and interpreting questions correctly. Teach students to identify

and underline kev words in the questions, and to use these words to guide them in understanding what the question
asks. Help students understand the meaning of some of the most common key words, listed in the chan below.

Aunanhyze To analyze means bo systematically and citically exsming 2l parts of an Esue or event.
Classity or Categorize To elassity or eategarize means o pul people, things, of ideas o groweps, based on & comman 5210f charctenstics,
Compare and Contrast To compare is to show how things are similar, or alioe. To contrast is to show how things ase different.
Describe To desenibe means 1o present a skeich or enpeession. Rich detalls help 1o flesh oul & tescription.
Discuiss To diseuss means to systematically wiite about all sides of an Eoue of event
Evaluste To evaluate means io make a judgment and support it with evidence.
Enplain To explain means to clarihy of make plain.
Iustrate To illusivate means to provide exampies or to show with & pecture or other geaghic.
Infer To infes means 1o read between the [ines of 1o use knowledge and experience to diow conclusions, make & generalzation,
of farm a predictson.
Justity T jusstify means bo peove of to suppoet 3 posftion with specific facts and reasans.
Predict To predict means fo 12/l what will happen in the fulure, based on an understanding of prior events and behavions.
State Tor state means to brledly and concisely present information.
Summarize To summarize means b0 give a beied overview of the main points of an issse of event.
Plan and Write the Essay

Affver studenrs understand the question, they should follow the steps below to develop and write their essays.

e B B O

Mlap out an Wirlte an opemning Write the ey Expaid Wirite a closing
anwer. Make ks, sratemment that on the opening state- srarersent that

webs, or an directly responds ment. Support key poings birirgs the maln
ouline 1o plan oo the ey with specific fers, points Together.

SAT/ACT Prep: How can | help my students prepare for the SAT, the ACT,

and other standardized tests?

Studerts can follow the steps below to prepare for o

stamdardized rest.

¥ Read About the Test 5tudents can amiliarize
themselves with the format of the test, the types of

questions that will be asked, and the amount of time
they will have to complete the test

¥ Review the Content Consistent study throughout the v Analyze Practice Results Help students improve

« Practice Provide practice, ideally with released
tests, to build students’ familiarity with the content,
format, and timing of the actual exam. Students
should practice all the rypes of questions they will
encounter on the test-multiple choice, short answer,
and extended response.

i et (i 0 G P M| i o

school year will help students build biology knomaledge
and understanding. If there are specific objectives ar
standards that are tested on the exam, help students
review these fcts or skills o be sure they are proficient.

test-taking performance by analyring their test-taking
strengths and weaknesses. Spend time discussing
students” completed practice tests, explaining why
particular answers are right or wrong. Look for patterns
in errors and then tailor yvour instruction to the
appropriate skills or binlogy content.

19T
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Alternative Assessment Strategies

How can I go beyond tests to assess students” understanding of biology facts

and concepts?

n response o the growing demand for accountability in the classroom, educators must use multiple assessment
measures to accurately gauge student performance. In addition to quizses, tests, essay exams, and standardized tests,
assessment today uses a variety of performance-based measures and portfolio opponunities.

What are some typical performance-based
assessments?

There are many kinds of pedformance-based assessments.
They all share one common characteristic: they challenge
students 1o create written or oral reports that demonstrate
what they know. One good way to present a performance
assessment % in the form of an open-ended question.
Writing

Performance-based writing assessments challenge students
to apply their knowledge of biology concepts and infor
mation in various ways Writing activities are most often

compieted by one student, rather than by a group.

« Jourmals Students write from the perspective of a
biologist, either current or historical

« Letters Students compose a letter from one
biologist to another or from a biologist 1o a family
member or other audience.

+ Position Paper or Editorial Students explain a
controversial issue and present their own opinion
and recommendations, supported with strong
evidence and convincing reasons.

v Newspaper Students write a variety of stories from
the perspective of a reporter.

+ Biographies and Autobiographies Students
write about hiologists either from the third-person
point of view (biographv) or from the first person
(autobiography).

+ Creative Stories Students integrate scientific
events into a piece of fiction.

+ Poems and Songs Students follow the conventions
of a particular type of song or poem as they tell

about a biologist or scientific event

20T Classroom Solutions

v Research Reports Students synthesize information
from a variety of sources into a well-developed
report

Oral Presentations

Oral presentations allow students to demonstrate their

biology literacy before an audience. Oral presentations are

often group efforts. although this need not be the case.

" Simulations 5Students hold simulations, or
reenactments, of actual events, such as famous
exXperiments or discoveries.

¥ Debates Students debate two or more sides to a
scientific policy or issue. Students can debate from
& contemparary perspective or through role-playing,
from the viewpoint of a historical character.

Interview Students conduct a mock interview of a
biologist.

« Oral Reports Students present the results of
research efforts in an oral report.

« Skits and Plays Students use scientific events as
the basis for a play or skit.
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Visual Presentations

Visual presentations allow students to demonstrate their

scientific understanding in a variety of visual formats. Visual

presentations can be either group or individual projects.

+ Model Students make a model to demonstrate or
represent a process of structiine.

« Museum Exhibir Students create a rich display
of materials around a topic. Typical displays might
include models, illustrations, photographs, videos,
writings, and audiotaped presentations.

« Graph or Chamt Students analyze and represent
scientific data in a line graph, bar graph, table, or
other chart format.

¥ Drawing Students represent or interpret a
scientific event or period through illustration,
including political cartoons.

« Posters and Murals Posters and murals might
include graphs, chares, tables, maps, time lines, diagrams,
illustrations, photographs, and text that reflect students
understanding of scientific information.

«  Quilt Students sew or draw a design for a patchwork
quile that shows a variety of perspectives, events, or
issues related to a key wopic.

« Videotapes or DVDs Students film a video or
DVD o preserve a simulation of a scientific event
Students can also film plays they have written thar
incorparate biology in some way.

¥  Multimedia Presentation or Slideshow Students
create a computer-generated multimedia presentation
containing scientific information and analysis.

How are performance assessments scored?
There are a variety of means available o evaluate
performance tasks. Some or al of the Dllowing methods
can be used.

« Scoring Rubrics A scoring rubric is a set of
guidelines for assessing the quality of a process and/
or product. It sets out criteria used to distinguish
acceplable responses from unacceptable ones,
generally along a scale from excellent to poor.

Alternative Assessment Strategies

Models of Excellent Work Teacherselected models
of excellent work give a concrete illustration of what

is expected and help students set goals for their own
projects.

Student Self-Assessment Common methods of
selfassessment include ranking work in relation to
the model, using a scoring rubric, and writing their
own goals and then evaluating how well they have
met these goals. Regardiess of the method or methods
students use, they should be encouraged 1o evaluate
their behaviors, processes. and the finished product.

Peer or Audience Assessment Many of the
performance tasks target an audience other than the
classroom teacher. If possible, an audience of peers
should give the students feedback Have the class
work together to create rubrics for specific projects.

Observation As students carry out their
performance tasks, you might want to formally
observe students at work. Start by developing a
checklist, identilving the specific behaviors and
knowledge you expect students to demonstrate. Then
observe students as they carry out performance

tasks and check off these items on your checklist as
you observe them

Interviews As a form of ongoing assessment, you
might want to conduct interviews with students,
asking them to analyre, explain, and assess their
participation in performance tasks. When projects
take place over an extended period of time. you can
hold periodic interviews as well as exit interviews.
In this way, you can gauge the status of the project
and guide students’ efforts along the way.
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Pacing Guide

Basic Biology Course - For this option. teachers
should spend more time on the core areas and then
choose one of the groups o finish the school vear.

Fiansing Yous Schoal Tear

Giencoe Biology provides a complete selection of core =
Concepts !.ha.'l.a.rlil: presented LnFrl_'chcL'weiy meet the mrm Hu:imdi
needs of all students. The following Pacing Guide
offers general suggestions for pacing your students . 8 2
through the book. Three different class levels and two 3 a 25
different schedule tvpes are provided to assist you in 4 3 45
5 7 35
designing a binlogy course that meets the 6 g 45
needs of your individual stodents and classes; 7 p 3
B B 3
serting the pace at which the content is
covered: - - :
1a T 35
determining what material should be given n 9 4.5
the most emphasis. 1z B 4
13 7 35
For the following pacing guides, a regular period is o 6 3
defined as one 45-minute class period, and a block - - a
period is deflined as one 20minute class period. % 2 P
The total number of days in each level of pacing is - a ah
fewer than the typical 180-day school year to allow
fior Hexibility in planning due to testing, school
cancellations. or shortened class periods. el e
18 q 2
19 7 315
20 5 25
1 T 35
22 5 25
3 5 25
Units TE& B
24 5 25
25 B 3
26 5 25 ¢
b 3 15 -
28 3 1.5 -%:
29 1 2 ‘i
30 q 2 :E
L] q 2 |
Unit 9 <
32 5 25 E
33 3 3 B
3 5 25 .
35 & 3 f
36 3 3 -~
7 B 3 3
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General Biology Course - This option offers a
more accelerated pace and covers more material

than the basic course.

Core Areas

Honors Biology Course - This option is designed o
take studenis through the content at the depth and
pace appropriate for an honors class.

Core Areas
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g

488

Regular Periods | Block Periods
B
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Unit 7

Wwowm o emown

J

9 (part 2)

[ =
Hm‘,ﬁng oo om oo s

15

ih
25
1%

5
ih
Zh
15

25
5
25
15

25
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Laboratory Safety

Safety in the Laboratory

The Need for Safety: Creating

a Safety Culture

Creating a culture of safety requires the development of a
safery ethic based on the understanding of teacher respon:
sibilities, student responsibilities, and the creation of a safe
science environment A safety ethic as an entity is difficult
to define. It is a target rather than a thing. It i exhibived
through our actions and what we strive to achieve.

It is impossible to anticipate all the safery issues that teach
ers might Bee within their science curriculum. The study
of biology brings with it 2 unique set of safety concerns for
the student and teacher. Teachers are not expected to be
superhuman in their efforts. Rather, they are expected 1o
be reasnnable and prudent within their training and weach
ing experiences when anticipating safety concerns and
adjusting accordingly. Such a safery ethic should include
habits of observing carefully and critically within the biol
ogy lessons students will study. Commaon sense and the
safety ethic in conjunction with a teacher’s experience are
the keys to keeping teachers and students safe.

Teacher Responsibilities

There is extensive agreement within the profession that
the “hands-on, minds-on” approach to teaching and leam
ing science, described within the NSES, is more effective
for everyone. However, this cumiculum results in serious
safery challenges for uninformed teachers and students.
This situation is further exacerbated in old and/or poorly
equipped or maintained facilities.

According to Gerlovich, et al. (2004). as a teacher, the only

way you can be certain that your students are safe when

they are imvolved in incuiry-based active science leaming

is to assure that you address the following five concems.

« First, you must be vigilant in whar activities you
select for student involvement.

+  Second. you must be certain that siedents are
fnstruicted im and understand the hazards associated
with these labs/activities.

#  Third, you must verify that they are properiy
superpised throughout these activities.

v Fourth, you must be certain that all eguipment is in
operating order and accessible during emergencies.

« Filth, it is imperative that facilities are propery
mctirttained.

28T Labaratary Safety

In each of the biology labs, yvou are provided specific
activity Safety Precautions to assist you in addressing
safety concerns. It is your responsibility to communi
cate this information clearly and emphatically to your
students prior to performing labs. It is the students’
responsibility to reflect their understanding of them in
writing, using the Lab Safety Form.

The student responses must be sufliciently clear and
accurate so that you can recognize that he/she is restat
ing the most imporeant safety details in his or her own
words. You can then approve the student's safery
responses by initialing or signing in the appropriate
space on the form. Be sure to keep the form on file.
Omnly at this point can you be confident that the st
dents can safely proceed with the lab/activiey.

Following this plan will not only protect studenes, iv will
akso protect you by documenting that you have met all
of your duties-instruction, supervision, and maintenance.
Only basic safety guidelines have been provided within
this text. The purpose of the safety segment of this
material i 1o encourage you Lo be cautious in all of
yvour work with students. It is your responsibility to
maodel and instill a safery ethic in all scientific investiga

tions and create a classroom safety culture for everyone.

In addition to these guidelines, Safety Symbols have
been provided in many of the student labs and activi
ties. Understanding and applying the safety precautions
communicated by these symbols along with the Lab
Safery Form should combine o help prevent injury to
students and yvou as teacher.

Field Experiences

It iz the teacher’s responsibility to understand the
unicjue safety issies relating to in-the-field experiences.
Prior to the field trip, the field-experience site should be
pre-evaluated for safety hazards (for example: poison vy,
ticks, verrain, ete.) and applicability to the educational
goals. Special attention should be paid to unique cloth
ing and protective equipment needed by the students
thelmets. goggles, gloves, etc.) for the site being studied.
Students should be informed of any hazards associated
with the site. The adult/student ratio should be limivted
to 1:10. If students with special needs are present, each
represents two students in that ratioo
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Each student’s parent or guardian should complete a
school-authorized field trip permission form indicating
approval of their childs participation. The accompany-
ing adults should be informed of the purpose of the
trip, be amiliarized with the site, and cautioned about
any potential hazards on the site. You should be aware
of any student medical problems (hay fever, allergies,
et} that may exist and be prepared to address those. A
question concerning student health issues should be
included in the permission form so that parents have
the opportunity to indicate issues related to their child.

A buddy svstem for the students should be established
and the responsibilities of each student explained. Pre-
arranged meeting sites should be established and shared
with adults and students. It is recommended teachers
have a means of communication (cefl phone, twoway
radio} in case of emergency while off school grounds.

For much move comprehensive science safety information,
including applicable lows, codes, ond professional standards
as el ps commprehensive, customizable safety audits, chemi-
cal management systems, safety videos, safety research
studies, and hundreds of applicable Web links, teachers moy
wish fo inpestigate the following interactive CO-ROM.

The Total Science System (CD-ROM) © 2005
JaKel, Inc. Waukee, 1A

Chemical Storage and Disposal

General Guidelines
The following are guidelines commonly used. It is the
responsibility of each teacher to be informed of school,
city, county, state, and federal regulations for the handling,
storage and disposal of chemicals. Teachers who use
chemicals should consult the book entitled Pradent Proc-
tices in the Laboratory (National Academy Press, 1995)
from the National Research Council. Current laws in
vour area would supersede the information in this book
1. Separate chemicals by reaction type. Strong acids
should be stored together. Likewise, strong bases
should be stored together and should be separated
from acids. Oxidants should be stored away from
easily oxidized materials, and so on.

2, Be sure all chemicals are stored in labeled containers
indicating contents, concentration, source, date
purchased {or prepared). any precautions for handling
and storage, and expiration date.

3. Dispose of any outdated or waste chemicals properly
according to accepted disposal procedures.

4. Do not store chemicals above eve level.

5. Wood shelving is preferable to metal All shelving
should be firmly attached to the wall and should have
anti-roll edges.

6. Store only those chemicals that you plan to use.

7. Hazardous chemicals require special storage containers
and conditions. Be sure to know which chemicals those
are and the accepted practices for your area. Some
substances must be stored outside the building.

8. When working with chemicals or preparing solutions,
observe the same general safety precautions that you
woutld expect from students. These include wearing
an apron and goggles during lab preparation. activity,
and cleanup. Wear gloves and use the fume hood when
NECessary.

9. If you are a new teacher in a particular laboratory, it
is your responsibility to survey the chemicals stored
there to be sure they are stored properly. Consult
chemical storage and disposal information from local,
state, and federal governments.

DISCLAIMER

MoGraw-Hill Education makes no claims to the
completeness of this discussion of laboratory safety
and chemical storage. The material presented is not
all-inclusive, nor does it address all of the hazards
associated with handling, storing, and disposing of
chemicals, or with laboratory management.



Laboratory Preparation

Preparation of Solutions

It is most important to use safe laboratory rechniques

when handling chemicals. Many substances may appear

harmless but are, in fact, toxic, corrosive, or very neac
tive. Always check with the supplier. Chemicals should
never be ingested. Be sure to use proper techniques to
smell solutions or other agents. Always wear safety gog-
gles, gloves, and an apron. Observe the following pre
cautions.

1. Poisonows/torrosive liguid and/or papor-use in the
fume hood; Examples: acetic acid. nitric acid,
hydrochloric acid, ammonium hydroxide

2. Poisonows amd corrosive 1o eyes, lungs, and shin;
Examples: acids, limewater, ironflll) chloride, bases,
silver nitrate, iodine, potassium permanganate

3. Poisonous i siallowed, inhaled, or absorbed chrough
the skin; Examples: glacial acetic acid, copper
compounds, barium chloride, lead compounds,
chromium compounds, lithium compotinds,
cobalt{ll) chloride. silver compounds

4. Abways add acids to water, never the reverse.

5. When sulfuric acid and sodium hydroxide are added
to water, a large amount of heat is released. Sodium
metal reacts violently with water. Use extra care
when handling any of these substances

Alcohol testing solution: Wear goggles. gloves, and
an apron. In a fume hood, add 20 g of potassium dichro
mate powder Lo a glass beaker. Pour 20 mlL concentrated
H;50, into the beaker and stir with a glass stirring rod
to dissolve the powder. Slowly and carefully pour the
solution into &0 ml distilled water in a glass beaker and
continue to stir. The solution becomes VERY HOT.
Allow it 1o cool. Powder may precipitate out after cool
ing. Pour only the liquid solution into dropper bottles
for student use. The solution has a shelf life of one year.

Baking soda (sodium bicarbonate) solution: To
prepare a 025% solution, dissolve 0.5 g baking soda
{sodium hydrogen carbonate) in 200 mL of water.

Benedict's solution: Dissolve 173 g sodium citrate

and 100 g sodium carbonate in 700 mL water over a

hot plave. Filrer. Dissolve 173 g copper sulfate in 100
mL warter. Slowly add to the first solurion. Add water
to a total volume of 1 L

Bromothymol blue: Add 0.5 g bromothymol blue
powder to 500 mL distilled warer 1o make 2 BTB stock
solution. Dilute 40 mL B8TB stock solution o 2 L with
distilled water. Solution should be bright blue. If not, add
one drop of NaOH at a time, swirling to mix. Check color.

30T Labowatory Prepasation

Cola, dilute solurion: Add 1 part cola to 1 part dis
tilled water.

Congo red: Add 0.1 g Congo red powder to 50 mL
distilled water.

Cough medicine, dilute: Add 2 mL of cough medi
cine {syrup) to 98 mlL distilled water. Stir before use.

Ethyl alcohol, dilute: Add 2 ml ethyl aleohol 1o 98
ml distilled water. Stir.

Fertilizer solution: To make a 1% fertilizer solution,
mix 1 g 5-10-5 fertilizer with 99 mL water. For a 0.1%
serial dilution, mix I mL 1% solution with 9 mL water.
For a 0.01% serial dilution, mix 1 mL 0.1% solution with
9 mL water.

Gelatin solution: Soften 1 g gelatin in 20 mL water;
then add B0 mL hot, not bailing, water to dissolve. Coaol
to room temperature before using.

Glucose solution: For 1% glucose solution, dissolve 1
g of glucose in 99 ml water.

Gum arabic solution: Dissolve 1 g gum arabic in 100
mL warm water. Cool to room temperature before use.

Hydrochloric acid (HCI) solution: To make a 10%
solution, add 27 mL concentrated hydrochloric acid to
73 mL water while stirring. To make a 0.1M solution,
add 1 mL concentrated hydrochloric acid to 100 mL
water while stirring.

lodine solution/lodine stain: Dilute 1 part Lugols

solution with 15 parts water.

Lugol's solution: Dissalve 10 g potassium iodide in
100 mL distilled water; then add and dissolve 5 g indine.
Store in dark bottle. Keeps indefinitely.

Methylene blue stain: Dissolve 1.5 g methylene blue
in 100 mL ethyl alcohol. Dilute by adding 10 mL of
solution to 90 mL water.

Methylcellulose solution: Add 20 g methylcellulose 1w
40 mL of boiling distilled water. Let stand for 30 min, then
add 40 mL distilled warer. Stir until uniform. Solution will
be very thick.

Pancreatic solution: Blend a goat or sheep pancreas with
150 mL 30% ethyl alcohol. Allow the solurion to stand for
24 h, shaking occasionally. Strain the solution through
cheesecloth and then filter. Neutralize with KOH until vou
get near the end paoint, then wse 0.5% sodium carbonate.
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Potassium chloride (KCI) solution: To make a 0.5 M
solution, dissalve 3.73 g of potassium chloride in 60 mL
of distilled water, then add distilled water to make

100 ml final volume,

Salt (NaCl) solution: For a 3.5% salt solution that sim-
ulates the concentration of ocean water, dissolve 35 g
salt in 965 mL water. For a 1% solution, dissolve 1 g

of salt in 99 mL of water. For 2 3% solution, dissolve 3 g of
salt in 97 mL of water. For a 5% solution, dissolve 5 g of
salt in 95 mL of water. For a 6% solution, dissolve 6 g

of salt in 94 mL of water.

Silver nitrate solution: Add 4 g silver nitrare to 250
ml distilled water.

Sodium hydroxide (NaOH) solution: To make a 1%
solution, dissolve 1 g NaOH in 99 mL of water. For a 0.04%
serial dilution, mix 4 mL 1% solution with 96 mL water.

Solutions of various pHs: To make acidic solutions,
add 50 mL 0.1M HC to 450 mL distilled water. Test the
pH level and continue diluting the solution until the
desired pH levels are obtained. Do the same with MaOH
to make a variety of basic solutions.

Starch solution: Make a 1% solution by stirring a slurry
of 1 g cornstarch and 50 mL cold water into 1 L boiling
water. Cool before using.

Sterile pond water: Filter pond water and place it in
flat pans. Boil for 15 min. Allow to cool before wsing.

Sucrose solution: For a 1% sucrose solution, dissalve
1 g sucrose in 99 mL water. For a 2% sucrose solu-
tion, dissolve 2 g sucrose in 98 mL water. For a 5%
sucrose solution, dissolve 5 g sucrose with 25 mL
water. For a 10% sucrose solution, dissolve 10 g of
sucrose in 90 ml water. For a 20% sucrose solution,
dissolve 20 g of suctose in 80 mL of water. For a 30%
sucrose solution, dissolve 30 g of sucrose in 70 mL of
water. For a 40% sucrose solution, dissolve 40 g of
sucrose in 60 mL of water.

Sugar solution: Add 1 tablespoon of sugar to 1 cup of
warm water in a deep jar or flask. 5tir to dissolve.

Tetrazolium solution: Dissolve 1 g of 2.3.5 triphenyl
tetrazolium chloride in 100 mL of water. Store in dark
glass bottle.

Tobacco solution: Grind tobacco from one cigarette
into a fine powder. Mix the powder with 100 mL of &
1% glucose solution.

Urine (artificial) solutions: Normal: Add 1 tsp. of salt
and 4 drops of vellow food coloring to 500 mL of tap
water. Stir 1o dissolve. Abnormal: Add 1 tsp. of salt, 2
tsp. of glucose or honey, and 4 drops of yellow food col-
oring to 500 mL of tap water. Stir to dissolve.

Yeast culture: Add 175 package dry baker's yeast o
200 mL distilled water.

T



Laboratory Materials

This table of equipment and inexpensive, easily accessible materials can help you prepare for your
biology classes for the year. Refer to the Chaprer Organizer in front of each chapter for a list of
equipment and materials used for each labmmry activity in the chapter.

Consumables

Quantity
_m—

aged tap water

aluminum foil

antibiotic discs

apple

autoclave disposable bag

beans (three sizes)

beef broth
beef liver
black paper
bread

cardboard
[pieces or boxes)

celery stalk (cross section)
celiulose dialysis tubing

cheesecloth
(3030 cm squares)

clay [colored sticks)
colored markers

conifer cones

conifer leaf samples
contact lens cleaning tablet
[containimg papain)

cooked eqq white

corn kernels

cotton swabs

crackers (3 kinds)

AT Laboralory Mateviak

4240 mL

several rolls

40
8
8

480 160 each size)

800 mL

g

10 sheets 3®3cm
32 slices

8 sheets/8 boxes

1 stalk thinly sliced
16

32

az 2 (different colors)

8 sets
2-40
16-40

8

1eag

400 g

generous supply
including long
handle swabs

8 each kind

10 mL

2¥x2cm

2 slices

2 (ditferent colors)

1-5
2-5

1 small piece

500 mL,
10 mL

20=20 cm
1-5 per dish

1
60 (20 each size)

100 mL
ig

1 sheet
2 slices

1sheet,
1 shoebox

1
2

4

1set

504g
1 per dish,

1 per cup,
1

1 each kind
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Consumables
Item

dishwashing liquid
disinfectant

disks

distilled water
dried beans

dry yeast packet
dye (stain)
eudicot flowers
felt pieces

filter paper

flowers

food substances (with labals)
gelatin {plain powdered)
glue

graph paper
hardboiled egg white

ice

labeled food items

leaf litter sample

lemon juice

fity flower

marigold or radish seeds
marking pen

masking tape

materials to produce
slirm_llus in protozoa
meat tenderizer
{homogenization medium)
monocot flowers

nitrate test kit

Quantity
{8 set-ups per class)

8 mL

clean up

B-40

+4L

generous supply
B

1mL

several samples
samples

40

cut flowers at
various times
32 different

B packets

B bottle/stick
32 sheets

8

supply at different
times

32

8 samples

600 mL

B

1008

8

320 cm

unknown

800-1200 mL

several samples
1-8

Launch Lab

100 mL

several

Labs
MiniLab

10 mL, 5 mL

1drop

]
several

4 different

1 sheet

sample
75 mL

30 cm

BioLab

1mL

clean up
1-5

1L 1L, 3 mL
supply

sample
several
1.3

several

1 packet
1 bottie/stick
1 sheet

ice bath

126
10 cm

unknown

100-150 mL
sample



Laboratory Materials

Consumables

nontoxic dye

onign epidermis
paper

paper cups (small)
paper plates (small)
paper towels
peanuts twith hulls)
pear tissue

pH test strip (indicator)
pipe cleaners

plant fertilizer

plant leaves (variety)
plastic bags (large)

plastic wrap

pond mud
pond water
poster board
potato slices

potting soil

prepared agarose gel

prepared gelatin (in small cup)
printed maze
raw beef liver

raw chicken wing
treated with bleach

red paper

salt

sample-lnading dye
{electrophoresis)

BAT Laboratory Materials

8mL

1 onion
ream
24

8
Qenerous supply
8

1 pear
1 roll
32

Bg

80

16

Qenerous supply
(several colors of
cellophane)

Large supply
1oL

10 sheets

2 small potatoes

several bags

match to number of
plates available

4 cups
B+

small chunk
8 wings

10 sheets
10g

10 mL

Launch Lab

clean up
.

14 sheet

Twhole wing

3%3cm

small piece

10

2 sheets

10 mL

1whole wing

1g

3, clean up

several strips

1g

2

20x20 cm,
sheet

large sample
500 mL
1sheet
several

6 pots full,
2 pots full

electrophoresis
plate
12 cupful

small piece

1mL

Copr e O WG rose-Fl | Fubia bl iwi



et g 00 G e Pl kit o

Consumables

item

sand

seeds, various sizes
(alternative material)
skinned chicken wing

soil

spring water

sterile nuirient agar
straw (plastic or paper)
sugar

sunscreen products

sUN sensitive paper
tape

toothpicks
vegetable oil

water

water, soapy

water from a saltwater
aguarium

water samples from various
SOUrCes

wonden sticks (various sizes)
yeast extract dextrose (YED)
agar plates

Quantity

[8 set-ups per class)

generous supply

generous supply
8

OEnerous supphy

4010 mL

8 Petri dishes

8

32g

10 mL each of
several products
1sheet

several rolls
several boxes
40 mL

10 L plus water for 30 mlL
clean up, water
baths, etc.

for hand washing
and clean up

1600 mL + 200 mL

8 each source
dozens

80

Launch Lab

Labs
MiniLab

alternative material:
10

1

several containers
full,

sample

TmL

1 drop

1 piece
10 cm

SmlL
water bath,
75 mlL,

2 drops,
umkmowm,
100 mL,
250 mL,

2 drops,
125 mL

L kreoneen

1each

Biolab

50 cc, unknown

quantity
alternative material

sample, 100 cc,
unknown guantity

500 mL
1Petri dish

1g
TmL

unknown
unknown

unknown, water
bath, 250 mL

10



Laboratory Materials

Mon-Consumables
lem |Launchlab

acrylic (1 m? piece)

aluminum foil or plastic wrap
aguarum

art supplies (pencils, chalks in various
colors)

balance

beads (three sizes)

beaker

beaker (250-mL)

beaker (400-mL)

beaker (500-mL)

binoculars

blender

blood pressure chart

blood pressure cuff

bones (small) and bone fragments
book

books describing characteristics of
organisms

bunzen burner

calculator

cereal box

circular paper DNA sequence
Closed door

coat hangers

Coins

collection vials

colored plastic ribbon
compound microscope
container

cooler

copies of small world maps
cup

deck of cards

diagrams of skeletal remains
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Non-Consumabiles

tem Launch Lab MiniLab
dish (clear)

dish cloth

dishpan

dissecting kit

dissecting pan

dissection scissors

DNA model building kit

DNA model building kit

dirham bill

droppers

echinoderm reference book
electrophoresiz chamber
envelopes containing paper bones
and clues

Erlenmeyer flasks

Erlenmeyer flasks {250 mL)
examples of cladograms

field guide for local birds

field guide for trees

field guide of area species (plant,
animal, and fungus)

field guide of arthropods

field guide of Morth American
mammals

field guide of trees

field guides for birds and reptiles
field journal

foam container

forceps

funnel

glass or plastic clear galion jars

ji glass probe

s glass rod

!

3 glass spooling hook
H globe

} gloves



Laboratory Materials

MNon-Consumables
tem
gooseneck lamp

graduated cylinder

graduated cylinder (10 mL)
graduated cylinder (50 mL)
high-wattage lightbulb and lamp

hot plate

impressions of three unknown bones
incubator

Intermit access

jar

knife

l[abeled and unlabeled ultrasound
images of fetuses

labeled diagram of earthworm cross
section

labeled diagram of hydra cross
section

labeled drawing of a lity flower
lamp with incandescent bulb
lamp with reflector and 150 W bulb
light microscope

light source

magnifying lens

marles

metric ruler

microcentrifuge tubes and rack
micropipette and tips
microprojector

MiCroscope

maortar and pestle

net

objects {[nonliving)

observation dish

paintbrush

pan (square or rectangular)
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Mon-Consumables
Item Launch Lab MiniLab

paper

paper cutouts
Pasteur pipets
pencil

pencil eraser

permanent marker

petition or sign-up

sheet with 50 names

petri dish

photo or illustration of desert
ecosystem

photographs of mammals
photographs of various organisms
photos of a rusted nail

photos of each of the three groups of
fishes

photos of skeletal remains

photos or videos of animal behavior
ping pong ball

plastic bottle caps in various colors
plastic centrifuge tube (30-50 mL)
plastic plate

plastic pots (9 cm)

plastic tubing

pop beads

power source

reference materials

resource materials about health
choices

ring stand

rocks

rubber band
ruler

scalpel

science textbook
SCIS500S

L L T T e



Laboratory Materials

Non-Consumables
ltem

self-sealing bag

set of clues

shallow tray for pots

shelts (small) and shell fragments
shoe

shoelaces

short-nosed pliers

small flowerpots or other growing
comtainers

small gardening trowel

spray bottle

spoon

staining and destaining containers
stakes (1m)

stereomicroscope

sterile pipettes

sterile spreaders

stethoscope

stirring rod

stopper

stopwatch or watch with second hand
straight paper DMA seguence
string

table of gene-pair crossover
frequency

table of inherited human facial
characteristics

test tubes

test tubes (15 ml)

test tubes (18 mm = 150 mm)
test-tube rack

thermometer

tongs

tray
tweezers

used cutting board
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Non-Consumables
Item

UV lamp

vase

wading boots

watch glasses

watering can or bottle
wax pendcil

wire mesh

Living Organisms

arthropod (live)
bacteria cultures
black worms (live)
dilution of UV
sensifive yeast
earthworm (e}
fern plant {frond)
fishes (live)

freshwater algae samples (slide)

fruit flies (mixed sexes)
isopods

land snails

live green algae cultures
live sea star

living brine shrimp
living hydra

lving pond organisms
mokd

moss

objects (living)
planaria

potted dwarf-pea plant
seedlings

potted plant

preserved specimen
of pill bugs

Quantity
(8 set-ups per class)

B-32
B (minimumij)
24

marry

several samples
B

mary

16

24-32

Launch Lab
1
1

1 1

]

3 photos 1-4
1

3
3

.1

1
several
1

9

.1

1 culture

3-5

several
sample

=



Laboratory Materials

Living Organisms ' Labs

e s o L0 L0

protozoa cultures several several

Venus flytrap plant 1-8 1

vinegar eels 8 1

Chemicals

Item B setunatY e |Launch Lab m

anhydrous Benedict's 25 ml Sedvops

reagent

anhydrous calcium

chEﬂa =g 40g

bile salt Bg 1g

biuret reagent 25mL 3 drops

DNA samples several sources several

Epsom salts 3209 404g

ethanol [T0%) 1L 100 mL
12 mL,

ethanol (95%) 1L 90 mL

gibberillic acid in various

concentrations SUppYy TN

homogenization medium 800-1200 mL 100-150 mL

iodine stain 25mL 3 drops

s %= 100 mL 12mL

phenol red (alternative) 25 mL 24-30 drops

pheolphthalein 25 mL 24-30 drops

restriction enzyme 2mL 5 drops

testing indicator ImL 3 drops

zinc oxide 1mL

Solutions : _ Labs

ltem | @sotpaty o |Launchlab |MiniLab _

albumin solution 400 mL 50 mL :

amylase solution 24 mL 3ImL ;i

baking soda solution (0.25%) 1 box unknown g

Benedict's solution 40 mL & mL H
E

c

AT  Laboratony Materiaks



i et (0 G e P M| i

Solutions

Quantity '
(B set-ups per class) Launch Lab

bromthymol blue (BTB) solution 800 mL
buffer solutions (pH 5,

pH 6, pH 7. pH 8) generous guantity

glucose solution 400 mL

HCl solution 20 mL W0 mL
hydrogen peroxide (3%} several liters

iodine solution 30 mL

MaCl solution (salt water) 410 mL

WaOH solution 200 mL

pancreatic solution 40 mL

pepsin solution 40 mL & mL
silver nitrate solution 25mL

starch solution 400 mL

sugar solution 600 mL

Preserved Specimens

ltem [r——— MiniLab
animal skeletons

aguatic plant material

arthropod specimens

crayfish specimens

dried mount of a fan coral

dried mount of a

species of red algae

fish specimens

fungi samples

male and female conifer cones
mammal specimens

mammal teeth and shulls
monarch butterfly specimens
plant specimens

prepared slide of cross section of
a hydra

prepared slide of cross section of
an earthworm

MiniLab
100 mL

2 drops
10 mL

5mL

75mL

| BioLab

unknown

50 mL

unknown

3 drops, several
mL

50 mL
10 mL

3 drops
50 mL




Laboratory Materials

Preserved Specimens

item Launchlsb |MiniLab _____|BioLab
sand dollar specimen

sea cucumber specimen

sea star specimen

sea urchin specimen

skeletal paris

slides of algae cells

slides of animal cells

shdes of bacteria

shides of cancerous human fiver
cells

slides of cells

slides of eqq cells

slides of healthy human liver celis
slides of human celis

slides of onion root tip cells
slides of plant cells

slides of protist cells

slides of sperm cells

slides of various protists
shides of various slime molds
teeth

viceroy butterfly

Copr it O MG ol | Fubia b iwi
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Complex Inheritance
and Human Heredity

Launch Lab
What do you know about
human inheritance?

Est. Time 30 min

Teaching Strategies
*» Have students work individually
or in small groups.
# Check answers to the genetics
quiz belbow:
A True_ A sperm cell carries either a
Y or an X chromozome. XY pairing
produces 3 male; XX paming
produces a female.
B. True. Genetic traits not expressed
1 one generation may be
expressed in later generations.
C. True. Because identical twins form
from the same fertilized =gg. they
must be the same gender.

Procedure
1. ldentify the safety concerns of

o i bk el i ol e 1§ o v i g 1 0

this lab before work begins.

2. Read the statements below
carefully and determine
whether thev are true or false.
Statements:

A. The father determines the
gender of the child.

B. Individuals may transmit
characteristics to their off-
spring which they them-
selves do not show.

C. ldentical twins always are of
the same gender.

3. Discuss your answers with your 2. Analyze why it is helpful 1o underscand
classmares and teacher. human heredity. Enowledge of hisman hered-

. ity is neceszany to understand legal, social, and
Analysis

maral iszues that involve inherited tradts. Such
1. Assess which question was knowledge ould help people make certain

FoLDABLES |

Make a vocabulary book
and label each tab with
the mame of a different
genetic discrder. Lkse it
Eo organize your notes
on genedic deonders.

missed most often by the entire
class. Discuss reasons why.

heafth decisions.

Answers will vary, but should give
some insight into the knowledge,
background, and experiences your
students have regarding human
heredity. |dentify and correct any
misconceptions.

2 Chapter1 = Comglex inheritance and Human Hesedity



THEME FOCUS miversity Section 1+ Basic Patterns of
Complex forms of inheritance result in a wide Human Inheritance
diversity of characteristics.

Seclion 2 = Patterns of Complex
Infertanc
281 Human inherftance dees not abways follow e

Mondel’s laws.
1 = Chromaoscenes and

Human Heredity

THEMES

Sclentific Inguiry The discovery of DMA led to an understanding of the inheritance
of traits from one generation to the next.

Diversity Complex inheritance patterns account for some of the vast genetic diversity
in humans.

Energy Some genetic diseases, such as Tay-5achs disease, affect metabolism.

Homeostasis Inheritance of genes from generation to generation helps maintain
homeostasis among species.

Change Mutations in genes allow possible changes in inheritance to occur

Introduce the Chapter

Inheritance

ASK STUDENTS: What ph._l;sil:ﬂf
abilities should a good socrer
player hape? Answers may incliede
rdination, good running

and muscular strength. Wihar
physical features are not impor-
tant for a good soccer player to
hape? Anzeers may include eye color

shape of nose, and curly ar straight masr.

List characteristics in two columns
on the board as students share
answers. Use this list to spark a dis-
cussion that can lead o human
inheritance of physical fearures and
the influence of environmental fac
tors such as diet and exercise.

BIG (Ideal

Tongue-Rolling Ability

ASK STUDENTS: Can you roll
your tongue! Discuss whether
other members of your family
have this troit. Tongue-rolling
ability is dominant in humans. Use
this example to discuss that traits
are inherited. Tell students that in
this chapter they will learn some
other types of inheritance that
were unknown by Mendel and are
variations of Mendel's concept of
dominance.

Chapter 1 « Complex Inheritance and Human Heredity 3



Section 1

BLOLJAL | COOP LEARN |

Tracing Traits Remind students
that the trait for the ability to roll
ane’s rongue is dominant (TT) Then,
ask student to imagine a family with
three children. Two of the children
canmnot roll their ongues.

ASK STUDENTS: What are the
genotypes of the parents? Students
should use Punnatt squares to conclude
that esther one parent is heterozygous
dommant {Tf) and the other parent is
homozygous recessive (i) or that both
jparents ara heterorygous | TEL

Develop Concepts

(BL | OL JAL |
Clarify a Misconception

ASK STUDENTS: If someone looks
muore like one parent than the
other, did that person inherit
more genes from that paremt? no
Some students might think that
because children kook more like one
parent than the other, the child
received more genetic material from
one of the parents. Clarify that the
child receives one set of chromo-
somes from one parent and the
second set from the other parent.
Review meiosis, the combination of
chromosomes, and the concept of
dominant and recessive traits.

Reading Strategy

(BL | OL|

Find Supporting Details Have
students create a three-column
chart In the first column, have
them write the name of each
genetic disorder that they will read
about in this chapter. After they
read, have them write whether the
disorder is dominant or recessive
in the middle colummn. In the last
column, have them write any

symproms of the disorder.

Section 1/ \

E=zzential Guestions

§ How can genstic patierns be asakymed
B dabermine dominant o 1eceTshe
infeiiance paticrms?

¥ ‘What are casmipies of domnain sod
FECRESHT isoroarsT

¥ How can eman padigneas ba
constnucind from qomstic imormation?

Review Viocabulary
peman segmonts of DN that conbol
ha production ol profeins

Mew Vocabulary

podigron

Basic Patterns
of Human Inheritance

m@ The mheritance of o trait over seweral genergtions can be
shovwn in a pedigree.

Real-Workd Readling Lisk  Krowing s puretied dog's ancesiny can help the cwner
kno haaith probiems Mt ane common & that dog. Similary, Secing temean
inherance can show how 2 trafl was peesed down from cae generation Bo the nest

Recessive Genetic Disorders

[ Connection g Histm Gregor Mendels work was ignored for more
than 50 years. During the eady 1008, screntias began to take an
imerest i heredicy, and Mendels work was rediscovered. Abour

this time, Dr. Archébald Garrod, an English physician, became imer
ested in 3 disorder linked o an enzyme deficiency called alkapromer—ia
fal kap tish WYLUR e wh) which resales in black wrine b is cased by
acid excrevion mto the urine. D Garrod observed that the condition
appearsd at birth and contirued throughour the patient’s bfe, ulbimarely
affecting bones and joingx. He also noved thar alkapaonuria ran in @i
lies. With the help of anmher soentis, he devermined thar allapronuria
was 3 recessive genetic disooder.

Today, progress contimees to help us underscand genetic disorders.
Review Tabbs 1, and recall thar a recessive trant is expressed when the:
individual = homoeygous recessive for thar traic. Therefore, cthose with
at Jeast one domenant alBlele will not express the recessiee traic An
indnidhul who is heterozygous for 2 recessive disorder is called a
carrier. Review Tabds 2 as you read abmn several recessive genetic
disorders.

Table 1

Tris-EpE e i loaw- saeed
pea planés would b ¥

AN ofganEm wWih Two of e Same allcios for

8 particular irail is said fo e homorypgous for
@23 -

HeEmary g and I Soad P plants

waowid b

A pland that is My would An organise with two dAtterent aliskes e a

bt 3 yeitow-sood poL particular traf i i o b hetoerygos for that
HBeirorygous

F L tra® Whan aleies are presen in the heterozy-
Jijw icess stafie, the dominant it wil bo chasrvod

4 Chaptis 1+ Cofrsdin (it did Hefan Hanety

g g0 I i S

Content Background

Teacher FY1 Sir Archibald Garrod, a
British physician, discovered a pattern
of inheritance leading vo alkapronuria,
a disorder in which urine twms black.
Alkaptonuria also causes severe arthritis
later in life. Garrod concluded that the
dark wrine is caused by an inherited
biochemical abnormality. Considering
that he worked in the early 19200s,
Garrod's ideas were ahead of his time.

4 Chapter 1= Complex inherlance and Human Hesedity
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Tin 3500 Trngnmm:.mdurm = EACeuve MLCiS «Hoose
a MEMDEng prolen & production = Diily cleaning of mucus fmm e
Cystic Mrosis dedective. = Dige=dve and Imgs
respiratny failune = Murus-thinning drugs
= PRAICTONTC QATYIED SRR
i TR0 Ganes do nof preduce « Weg Codoe I he i, * Mo osp
normal amgunis o e et and haie « Praled siin trom the Sun and
Abinism PEGITHA Mmezlanin. + Skin suscopiibly to other ervimnimeTial Bacioes
¥ damaoa + Wisial rehabifisdon
= Vishn prohiceres
Tin 50,000 1 Absonce of the gone tha . Monial disshilities = Honse
Galactosemia | 0000 Codes for Toe eoryma Tt = Enlarged oy = Resiniction of bicosey
breaic down galactose « Kidnay laiurg galacione in the el
Tin 500 AhLpora of 3 RO = Buldop of fazy » o nwe of ireatment
ml Ty Mal breaks down oepasis in the brain «Doyhibyago >
fatty Sustances » Miznial dlzabiftes
Cystic fibrosis Ooe of the most common recessive geneic disonders
among Cawcasians is cysoic fibrosis, whach affects the momus-producing
glands, digestive engymes, and sweat glands. Chionde fons are nor
ahsoabed imo the cells of 2 person with cystic fibrasis o ae excreted
i the swear. Withos sufficien: dhlonide ons in celfs, waber does not
diffuse from cells. This causes a secretion of thick mucus thar affects ncorporato inlsrmation
many areas of the body. The thick mucus diogs the duces in the pan- o this soction imn
creas, intermupes digestion, and biocks the uny respiracory pachsvays @ euit Foddazi,

the lngs. Paventes with cystic fibrasis are at a higher risk of infection
becawse of excess macus in ther hmgs.

Treammeent fior cystic fibrosis cumently inchades physical therapy,
medicarion, special diss, and the uze of replacement digesthve
enzymes. Genetic tests ae available 1o determine whether a person is
a carrier, indicauing they are carrying the recessive gene.

Albinlsm In humans, athinizm & caused by alvered genes, resulting in
the absence of the skin pigment melamdn in hatr and eyes. Albinism is
found in ocher animals as well A person with albindsm has whive hadr,
wery pale skin, and pink pupils The shsenoe of plgment in eyes can
cauze problems with vision. Alkhoogh we all muss provecy our skin
from the Sun’s whravickt mdiaton, theee with abinism need o be
espectally careful

Tay-Sachs disease TaySachs (TAY saks) disease is 3 reoessive genetic
disarder. Its gene i found on chromosome 15 Often identified by 3
cherryred spot on the back of the eve, Tay-Sachs disease (TSO) seems
to be predominan: amaong some people of castemn European descent

Secthon 1+ Bt Patmiras of Himas Inhefiasce 5

Content Background "

Real-Werld Connection Singer Woodrow "Woody™ Guthrie was bom in Oklahoma

in 1912 During the Dust Bowl] of the 19305, he gained fame singing on radio and

writing political songs of protest. One of his most famous songs is "This Land Is Your

Land." Later, the federal government paid him to compose songs. His health and

behavior began to deteriorate, and he was misdiagnosed with such diseases as alcohol-

ism and schizophrenia. In fact, he suffered from Huntington's disease, a dominant
genetic disorder that had affected his mother. He died in October of 1967.

il

E Skill Practice

BL |OL] AL

Visual Literacy Organize students
into pairs. Have parners ook over
Tables 2 and 3 and decide whether
dominant or recessive disorders are
MOfe COMIMOIL MeEssive

ASK STUDENTS: Why are reces-
sive disorders more common thamn
dominant disorders? When a disorder
is dominant, only ore allale must be inher-
ited for the person to be afiected. If the
dominant trait interferes with sunweal, the
individual is liess likely 1o pass the gene to
the next generation. When the disonder is
recessive, cammers do not display the disor-
der. Many people carry recessne alleles
withouwt being affected by the disorder.

E Critical Thinking

Predict Draw a large
Punnett square on the board. Per-
form a cross of two parents that are
heterogenous for the gene.

ASK STUDENTS: What are the
fibrosis having a child with cystic
fibrosis? one in four For caucasians,
the odds of one carrier {1/23.6) mar-
rving another carrier {1/23.6) is
1/500. The incidence of cystic fibmo-
sig i abour 1/2000 in Caucasians,

Going Further On the back of
their Foldables, have students
research and categorize the dis-
eases investigated on the front
tabs by dollar amounts spent to
discover treatments or to find
methods of prevention.

Section 1« Basic Paitems of Human Inheriance 5



Writing Support
COOP LEARN

Summary Writing Have studenss
work in small groups to research

an inherited condition, such as
sickle-cell disease or Tay-Sachs
disease, that is more frequent in
some populations than others
Have them write a summary of
the condition and present it to

the class.

Develop Concepts

(BL |

Bulletin Board Have students col-
lect articles from newspapers and
magazines that relate 1o genetics.
Have them work in groups o pre-
pare a poster or a bulletin board
covered with current articles abour
BEnetics.

mTHﬂﬂng&wﬂt

Technical Writing Have studenis
investigate other dominant or
recessive disorders that are not
mentioned in the chapter. Some
examples of these disorders include
galactosemia, and muscular dystro-
phy. Have them design and write a
technical pamphlet describing the
genetic disorder. The pamphlet
should include symproms, generic
causes, frequencies of occurrence,
treatments, and at least one graph
Srudents can research various
disorders.

[ Supply students with appropri-
ate research material and have
them write a paragraph about a
disorder.

VoCABULARY.. . .
ACADEMIC VOCASULARY
Decline
o gracislly wasn: awa: of a
downvand slope

s hwadely docirmed hecuuse of che

iisaiee.

Tin 10,000
Hantingtes's
diseate

1in 25 000
Ackeedaplasia

TSD 1% causesd by the absence of the enzymes responsible for
breaking dowm faivy acids called gangliosides. Normally, gangliosides
are made and then dessolved as the brain develops. However, in a. per-
som affected by Tay-Sachs disease, the ganghiosides accummulae in the
braim, inflaing brain nerve cells and cassing menal deeriorazion

Galactosemia Galactosemia (guh lak tuh SEE mee uh) is characrer
ed by the mabilicy of the body o digest galaciose. During digestion,
lactose from milk breaks doswn into galactose and glocose. Glucose is
the sugar wzed by the body for energy and circulates in the blood.
Galactose must be broken down o glucose by an enzyme named
Galactose-1- phosphate undylransferase (GALT) Persons who lack or
hawe defective GALT cannoe digest galactose. Persons with galaccose
mia should avedd milk peodocts.

Dominant Genetic Disorders

Moc all gerevic disorders are crused by recessive inhermance. As
described in Tubte 2, some disceders, such as the rare disorder
Humzengnon's disease, are cansed by dominam alleles. Thar means thase
who do mot have the disorder are homoryeoues recesstve for the tam.

Huntington's disease The dommam genetic disorder Humringon's dis-
eame affects the nervows system and oorurs inoone oor of 10000 people
in the LS The symproms of this disorder first appear o affectsd mdiid
ks between the ages of 30 and 50 years old The sympoms. include a
grachual loss of brain funciion, oneommillible movemenes, and emorional
disnwhances. Genetic tess are nvilable 1o detecs this domanane allele:
Hweswer, oo prevermive tresment or Cure o this disease exisrs

ia An mdivichal with achondroplasia da kabn deoh
FLAY rhee uh) has 2 small body sive and limbs thar are comparaiively
short. Achondroplasia is the most common form of dwarfism. A per-
som wiith achomdroplacia will have an adub beighn of dbow 123 cm
anc wiill have 2 mormal life expectancy
Imerestingly, 75 £ of individuals with achondnoplasia are bom o
parents of average size. When children with achondroplasia are born wm
: parents of average size, the conchesion is thar the condnion oocureed
{ . because of 2 new munation or 3 genetic change.
‘mmﬂ Compare B chances of inhetiting & dominant
i disonder by e dhances of inberiling 8 recessive disorder il you have
one panent with e ditede.

LureTie st

A geng afecting nowclogé-  « Decling of mental and » Ko e or ineatmond
ical fumction B defeciie. neurciogical functions

= Abdky to move delorcmaies
A gang TR aflecs bone + Short anm and logs = No e of ineatmend
growth i abnomal. + Longa hoad

6 Chapise ] » Comalen inhatilaace and Human Haoelity
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Differentiated Instruction®

Physically Disabled When students
with physical disabilities are in class, do
not expect less of them because of
their disability. The same academic and
social standards should be set for every
student so that students with disahili-
ties are not viewed as less capable than

their peers.

ﬁﬁiﬁlﬂ' Check Recesswver 50% chance if
parent without the disease is heterozygous, 0%
chance if parent without the disease is homozy-
gows dominant. Dominant: 50% chance if the
parent with the disease &= heterozygous, 100%
chance if the parent with the disease is
homozygous dominant.

6 Chapter 1= Complex inherlance and Human Hesedity
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Pedigrees

In organisms such 25 peas and fne (es, sowentises can perfoem crosses
to study genetic relationships. In the case of hmans, 2 scents soudies 2
family hastory using 2 pedigres, 2 dizgram that traces the inhertnce of
a particular tam throagh several generations. A pedigres uses symbols
to illustrace mbernance of the traf. Males are represensd by squmares,
and fernales are represemted by circles. 23 shown in Figues 1L One who
expresses the trair being sodied & represented by a dark, or filled,
siquare or circle, depending on thedr gender. One who does not expoess
the tmn is represenred by an unfilled sguare or ciecle.

A horzoneal lime bevween two symbals shows thar these individoals
are the parems of the ofspring listed below them. Offspring are lsaed
i descending birth ooder from left o nght and are connected 1o each
ocher and their parents.

A pedigree 1ses a mimbering system in which Roman mumerak repr
resent generations, and indivaduals are mumbered by barth order asing
Arabic rumbers. For examiple, in Fgues 1, individual B s 2 female
who i the firthorn i geneeion 11

Analyzing Pedigrees
A pedigree dhestrating Tay-Sachs disease is shown in Figurs 2 Recall
from Table ¥ thar Tay-Sachs disease &5 3 reoessive genetic disorder
caused by the lck of an enzyme invobeed in bpid metabolime The
miszing enryme causes lipids oo build up in the central nervous sysem,
which can lead 1o death

Examine the pedigres in Figus 2. Moz thar pao unaffected par
ents, [ and 12, have an affected chald-03, indicaring thae each parens
has one recessive allele—they boch are heteroevgows and carriers for
the trai. The hali-filksd sguare and circle show that both parents are

CATiErs.
] _F____F.-tmr:hem'rs.uhi
E 3
Al ]
1 3 3 q
Tag-Sachs

al
.r

= Figiare 1 A& pechfiin Uis S
O 10t el i ki abaal e
il st Sluihind

= Flgura 2 Mk podores feclales Be
Vsl o T o G e S TS0
e Mok il el uaaTeriad panests

T sl I s B e et e Pl RS
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Demonstration °

EAEN Human Genetic Traits Show students pictures that demonstrate various
human genetic traits. Contact a local hospital's education specialist about borrowing

a slideshow presentation that would be appropriate for this demonstration.

ASK STUDENTS: Is this trait dominant or recessive? Dscuss dominant and recessive trais
such as: widow's peak {dominant), PTC tasting [dominant), earlobe shape (attached is recessive), bant
liftte finger [dominand), démples [domanant), hair whorl {clockwise is dominant), and mad-degital hair (hair is

dominant).
Est. time: 10 min

il

Critical Thinking

M W N Differentiate On the
board, place two or three pedigrees
that illustrate dominant or reces-
sive inheritance, such as pedigrees
showing the inheritance of cystic
fibrosis, Huntington's disease, and
Tay-Sachs disease.

ASK STUDENTS: Which type of
inkeritance is shown in each
pedigree! Have students write
down how they determined which
tvpe of inheritance is demon-
strated, then call on volunteers

to share their answers orally.

E Dev Conce
“:g.rmmpu

ASK STUDENTS: What symbols
are used to represent a male and
a female in o pedigree? square for
male; circle for female For mhat pur-
pose is a genetic pedigree used? It
shows the inheritance of a particular trait
across several generations. Describe

the pedigree of a boy who has

grandparents are both pheno-
typically mormal. Patemal grandpar-

ents were both carriers of the recessive
allele. Either or both matemal grandpar-
ents carried the recessive allele. What
information might be added from
the family ancestry that could
possibly help determine the
mother’s parents’ genotypes? By
knowing mose about the family ancestry
of the mother’s parents, one might be
able to determine whether one or both of
them are carriers of galactosemia.

Section 1« Basic Paitems of Human Inheritance T



Est. Time 20 min

Safety Precaution Discuss the
safety concems of this lab before
Teaching Strategy Students
could work individually or in small
Frape

Analysis

1. With pedigrees, one can follow traits

from one generaton to the next.

. Families affected with unfavorable
traits can be given advice about the
chances of their future children pos-
sewsing these traits. However, pedi-
gree information obtamed from only a

few members of a family could be inac-

curaie, unrefiable, or misleading.

E Skill Practice

(BLOL|

Visual Literacy Have students
form groups of two or three and
compare Figures 2 and 3.

ASK STUDENTS: Whar are the
differences between the two
types of inheritance? Dominant con-
ditions often show up every generation.
individuats with one allele for a recessive
condition would not be affected, but two
mdividusals with one recessive aflele each
can have an atfected child.

= Figare 3 The padkiies Bamiae the 1 .':-:'.—-—"'.

Etfwlare of 4 Gl ds ondei Sk Tial 1 2

afociond paseris Can s o6 T g i

55i. it e c e parards Gl Nidee

affectind chiiel ) 5 ‘ I. I ‘ l m
e o i | L 1
1 I F ] L] ¥ L] | 7

- 1
1

The pedigree in Figurs 3 shows the inheritance of the dominam
genetic disorder pahydacayly (pah lee DAK tuh feed. People with this
disorder have extra fingers and toes. Recall thay with domenamt inhert
rance the traic is expreszed when a least one dominane allele is pres-
emAR individual with an unaffecied parem and a parent winh
polydactyly could be esther heteroeygous or homorygows recessnee for
the wair. Each onaffected person would be homoeygouws recessive for
the trai

For example, n Fgurs 3, individial 12 has polydactvly, ndi-
cated by the dark circle. Because she shows the trait, she i enther
homorygous dominamt or heerorygouws. It can be mferred that she is
heterazygons-having ane dominane gene and one recessive gene-
because offspring 1§35 and B4 do noc have the disorder. Notice that 16
and 017, two unaffected parents, have an unaffected ofspring -2
What can be inferred abour B2, based on the phenotype of her

parents and her affspring!

Pedigrees

'Where are the brancies on the family tree? Liniike some organisms. humans regroducs showdy and producs
Toww offspring a1 ong time. Ono mathod used to Sty Burman trafts & pedignee analysis.

Procedure

L. ldentily the salety conooms of this kab helore work begins.

i imagina that you ans a geneficst intend ewing o person abaut Bis or kar tamily cancerning the
inypathatical trak of hairy sariobhos.

& From the transcript bolow, construct a pedigroe. Use appropriabe symbols and fommat
“My name iz Scoft. My groat grancfather Walies had halry @ariobos [HES], bat groat grandma Elske did
nol. Walter and Elsia had threa chiltren: Lola, Led, and Duane. Lead, the cldast, has HEs, as does tha mid-
iz child, Loda; bt the youngest child, Dueana, does not. Duane rerver married and has no children. Leo
masried Bortle, and they have one daughier, Patty. In Leo™s famiy, he is the onky ane with HEs. Loda mas:
i Ownar, amd they have fwo chillidranc Canolina and Luetta. Omar does rat have HiEs, Bl bath of his
daugiriers do”

Analysis

L Asssss Inwhal ways do podgrees simplfy the analysis of inhenitance?

L Think Critically LU=ing this fain as a frama af roference, how can wa put to peactical use cur undarstanding
of constnucting and analyzing human padigrees?

B Ohigted 1 = Cofsiin e o Hufian Hai ey

g oy 7 Bt A i, o o

Content Background

Teacher FY1 Tay Sachs disease is a fatal
inherited disorder that most commonby
affects infants. The babies appear healthy
at birth but progressively deteriorate
after a few months They lack an enzyvme
(hexoaminindase A) to break down fatty
sutbstances that accumulate in nerve
cells. Eventually these substances build
up and destroy the nerve cells Death

usually oocurs by the age of five.

8 Chapter 1= Complex inherlance and Human Hesedity
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Inferring genotypes Pedigrees are used 1o mier genorypes from the
observation of phenotypes. By knowing plwsical trais, genealog ists
can determine what genes an indrvichal i most lkely m have. Pheno-
types of entire families are analyzed in coder o determine famaly gen-
orypes. as symbolized 0 Figons 3.

Pedigrees help genenc conmselors determine whether mberitance
parterns are dominant or recessive. Once the inhenitance partern s
determuined, the genorypes of the indwiduals can Grgely be resoheed
through pedigres analysis. To analyze pedigrees, one pamicular i 1=
studied, and a determination is made as w wherher thar trait &5 domi
nant or recessive. Domimant traits are easier 1o recognize than reces-
stwe traits because dominant mmais are exhibiied in the phenotype.

A recessive trdt will nor be expressed onless the person is homo-
zygous recessive for the mraic. That means that a recessive allele is
paszed on by each parent. When recessive mrairs are expresced, the
ancestry af the person expressing the trair is followed for several gen-
eratians 1o determine which parents and grandparenrs were carmiers of
the recessive alleds

disorders If good reconds have been kept within amilies,
disorders i fumure ofpring can be predicisd. Howewser, more accu-
racy can be expected if several mdividoals within the family can
e evaluaned. The study of buman genetics is difficuk, because scien-
tists are limited by vime. ethics, and ciscumstances. For example, io
takes decades or sach gensration o mature and then vo have off
spring when the study imvolves humans. Therefore, good necond keep-
ing, where i exiszs, helps scientises wuse pedigres analysis o soudy
inheritance patterns, w determine phenotypes, and 1o ascemain geoo-
types withim a famihe

Section 1 Review

CAREERS IN BHHINY

Gensalogist A gerealegist sudics
o fraces dh descend of indid usks

A

1 UGN Constrect o family pesigres of e unafected parents with a

Section Summary Understand Main ldeas
¥ Genetic disniters can be causod by

dominant or receTuve aliekes. . child wh sufars from oysiic fbeosis.
B Cystic srosts b= & gonetic dmerder that

alfares murus and swoad socreiions.

¥ |ecihwiciuals with albinsm do oot hawo
melanin i B shin, R, and s

¥ Humingion's dierase aHoEs T norms
systam.

¥ Arhondroplasia somesimes & calied
dwetism.

achond roplcia.

; awgesehzo.
. Think Critically

e it s e oy s P MATH in
inherance paems.

2. Explain @ type ol inhoritance assooated with Hontinglon's diseasa and
3. Mmimrpred Can two parcats with albinsm have on matiscded child?

4. Diagemm Suppose both pamnts om ol thelr tongues bl 1helr son Canot
D a padigren showing fiis Jait, and bl sach symno with tha appropd-

Biology
5. Phomylketonuria [PEL & a recessive genetic disondar. H both pasents are
CHTHE, Wil i 1he protabity of This couphs having & chid with PELT? Wit

; Is the chance of his couphs having teo childron with PKL?

6. Dwiermine When o couple requests a test for the cystic Shiosis gene, what
Bypes of quesiions might the plysician ack belore ordodng the tesis?

Sectien 1+ Eocc Pananil of Homan |ahediasce B

E Critical Thinking

M Consider Rare recessive
disorders can occur in families
after many generations.

ASK STUDENTS: How is this pos-
sible? The allele for a rare recessive dis-
arder can remain hidden in the

carrier state for many generations. Not
unitil a famdly member with 3 recessive
trait has offspring with another human
whao is & carrier will the recessive condi-
tion appear.

Formative Assessment
Evaluation

ASK STUDENTS: Name one igpe
of condition that shomws domi-
nant inhericance and one chat
shows recessipe inheritance.
Anzwers will vary but should include
exampies from the chapter. List che

effects (phenotypes) of each
condition.

Remediation Srudents having dif-
ficulty keeping track of the various
tvpes of genetic disorders can
make flash cards for each disorder.
Have them place the name of the
disorder on one side and the type
of inheritance and effects of the
disorder on the other side. Stu-
dents can use both sides of the
card for studying.

Section 1 Review

1. The pedigree should show both parents as camers fhalf-filled symbodc)

and the child mfected with the disorder {a filled symbal).
2. dominant

3. Since albinism = recessive, the only type of offspring albino parents:

can hawe ane albinos.

N

5. 14,116 {14 = 14y

6. Answers may wary but maght nclude: Why does the couple want to
test for the cystic fibrosis gene? Is there a history of cystic fibrosis in

gither family?

4. Both parenis carry a recessive gene and hawe the genotype Tt Their
symbaols should be half shaded. The boy & i His symbol should be

shiaded completedy.

Section 1« Basic Paitems of Human Inheriance 9
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Eye-Color Inheritance

eye colors are there? Answers wil
Ekely mdude brown, green, and blue.
Have students examine each

others eves. What else do you
notice about eye color? There are
other shades, such as light blue, dark
ldue, and hazel; light, medium, and dark
browm and black. Have stodents
hypothesize whether eye color is
mherited in a simple dominant/
recessive manner. At this time the
exact inheritance moded of eye color has
mot been determined, but polygenic
madels have been made with 8 mimimum
of three paars of genes.

E Reading Strategy

(BL
Brainstorm Have students read
the new vocabulary terms on this
page. Have students work in
groups of three to brainstorm ways

of remembering the definitions of
these words.

E Critical Thinking

(BLJOL
Compare Have students form
pairs and examine Figure 4.

plete dominance and codominance
to regular dominant ‘recessive
inheritance. In codommance, each aliske
= expressed; in ncomplete dominance, the
resulting phenotype & an mtermediate
bebween the two homonygows phenobypas.

= Caption Question Fig. &4 The ofi-
spming would be U2 pink and 112 white.

Section 2

E=ssential Guestions

} What aro the dferences betmoen
varioes comphex nharitante paterma?

B How can sas-linkad inbentncg
patiores be analecd?

B Hir Can @ amsronmen infsenc

et phonotypa of an arganism?

Review Vocabulary
pameids! 3 Exiure Sod Cof | ST OF

2qg] with a haploid nusbier of
ChE TSNS

Hew Vocabulary
Incompisie dominanoe
OO N
mitlipic slokss
epaENsi

o8 chinmasong
ALTHOGATI
seudinked vaik

polyganic trat

Patterns for complex inheritance

[[ZTTK{ZTT] complex inhevitance of traits does not follow inheritance
pakterns described by Mendel.

Real-World Reading Link Fnagine that you hawe red-green color bindness. in
barigit ligit, red lights dio not stand owt against sumoundings. A2 night, green
lights lock ke whibte streetliights. To help those with red-grean color
biindness, traffic lights always follow the same pattem. Red-green calor
blindness. howewar, Goes not foliow the same patbern of inherttance
described by Mendal.

Incomplete Dominance

Recall thar when an arganism s heverozygous for 2 tran, ns phenocype wall
be that of the dominam oait. Por example,  the genotype of a pea plam &
Tt and T 15 the genotvpe for the domminarn tran rall, then is phemotype will
e rall When redHilowered snapdragons (CRCR) are crossed with whine-flow
ered sapdragons {CWCW), the heterorygous offspring have pink flowers
50" as shown i Figuee 4. This &s an example of incomplete domi-
nance, in which the heteroxygous phenotype is an mrermediare  pheno-
tvpe between the two homoryvgous phenmypes. When the beteroaygous F,
penencion snapdmgon planms are dlowed o seiffenilize, as m Figew 4, the
Mhowwers are red, pink, and white ma 1221 raoio, respectivedy.

Seciicle-oeil disesse. The akkered form of hemoglobim thar causes sickle-cedl
anemia s inherited a5 codominace traic ver indivichials in hetrroeygous indi
vichsals express both mormal and sickle hemoglobin as an incomplete doma-
marce, s0 they have a mixture of normal and sickle red blood cefls: Under
these crounsmances, Sicklecell anemi affects red blood cells and their aled
ity 10 transpon axyvgen. The most comamon type knowmn: as sickle cell ane
moia {(SCA)

= g 8 Thi Colse of Srapiliegcn Rowses [ i il of MEcMo oomifancs.
Whan 3 lar with wiile Tiewors i Cromsd vath & a3l with #od Sowors, S
offcpring Pareo pak Bovwoe. Red, pink s while affping wil rocull rom soll-
Fartifzason of o pland with pank T,

Predict mief wouls b i you cetdsid o pirsk o sl o i Aowec.

1o ||
il- et cer | chew
® ‘_"- — - {  Phenotyps ratio 1:2:1
i Self- |
/I" orilization €% €M™ | CWe
chk W [ il i |

M Chigbir 1 & Cormibio Mibilan s s e by

L) & bl e
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Changes in hemoglabin-—the protein m red blood cells—cause those
biood cells 1o change 1w a sickle, or Cshape. Sckle-shaped cells do not
effecuvely transpam oovgen because they hlock croubavion m small
bilood vessels

The allele responsble fior sickle-cell disease = paruicularty common in
people of African desoent, with abour 606 of Affican Americans hav-
ing ane form of the taie. Figune B shows the blood cells of an mdi-
wichaal who is heteroeygmus for the sickle-cell tan

Sickle-cell discase and makesa Figure 8 shows the disirbution of
both sickle-cell disrase and malana in Africa. Some areas wich sickle-
cell diceage overlap areas of widespread malana. Sciencices have dis
covered that those who are heverorygous for the sickle-cel] trait have
a higher mesiszance 1o maliria as well Consequently, sickle-cell diseas
Cominues o mcrease o Africa.

W | e
Wty b albaies.
—isn | HES Sickle cell

£ 4 £ __%
HE II?I'IJ- Hb Hiy
b el il
[LEES L

<

Codominance

Recall thar when 2n organism is heveraeygous for 2 particubar crai,
the dominant phencaype is expressed. In a complex mnheritance pat-
tern called codominance, borh alleles are expressed in the heterozy
gous condition. the luman Blood cype provide case stsdies of
codominant inheriance and muliple alleles Fgae s, a5 well 2 the

hair oolor in horses.

Sicklz-g=l
= i
W Maduia
B verap

* Figure 5 Ug

i sackdo-cin b oA SR

x e i

[ahaped cels arw Wo-geied and
C-mhaged. Thery can clorme, bicckkng
::Il:llhmn = wrall venamin

DATA ANALYSIS LAB 4

Based oo Rl Duaba®
Interpret the Graph

wiha haray bown Sagnosed with sickis-cell

s e B marny e, inchedng
lsiiure andir

problem. The grspt shoes Se ebrtomhe

Errlwwnn agm and b difere wemptomm—

s el e —during Ehe o weaks pre-

cedig an spmsode cf ansde chesl spmdearme

e Fsapilaliraien

Think Criticaily

1 Siwisr which sge group e B bigheesd
Seevl of pain bafomne Being hoipEsliced

Z. Duisnerisn the =] o s
o fervwr bafore hoepiia@ration.

STSTT] [ ey — .

Fcemisge of pasisain
3 § 3

Vg g o

Whkal is Boe seliiornabip betwesn sickle-cell D00 308 Dhiservations

Aga [yuan|

SBIZ N 1 T

RGN LR O SR ey 0 8-

= Figura 5 Laf: Morresd red bizod
cpin mw At and dukashesed Sicoes-

Sectian 2 + Coovgen P s

D] c

s
Demonstrate Codominance
Display pictures of checkered
chickens Use the checkered
chickens as another example of
codominance. Black chickens breed
with white chickens, resulting in
chickens with both black and
white feathers. Once you discuss
this example, use a photo of a red
shorthorn bull and a white shorn-
hom cow. When bred. they
produce a both red and white hair
mixed shorthom offspring.

ASK STUDENTS: What type

of inheritance does this demon-
strate! codominance

DATA ANALYSIS LAE ¢ 'S

About the Lab

* One of the main reasons people
are hospitalized with sickle-cell
disease is acute chest syndrome
{ACS), characterized by fever,
cough. chest pain, and shortness
of breath. One study found thar
29 % of people with sickle-cell
disease had at least one episode
of ACS.

Also see Stuart, M. and BN
Setty. 2001 Acute chest
syndrome of sickle cell disease:
new light on an old problem.
Current Opinions in Hematologey;

8(2k 111-122.
Think Critically
1 20+

Demonstration °

Sickle-Cell Disease Using a micro-
projector, scanned photos, or images
from the Internet. prepare a slideshow
presentation showing 2 blood smear
from a person without sickled cells and
one showing sickle-cell disease. Empha-
size that the cells are sickled when
they reach areas of low oxygen in the
body. such as in the hands and feet.
Est. time: 15 min

4. Fewer is highest in those under two
years of age and lowest im those
ower 20, Generally fever reduces
with age.

Section 2 = Patterns for Complex Inheiance 14



E Skill Practice

A N ™ visual Literacy

Have students make a table using
information from Figure & and the
text. They should label one column
Blood Type and a second column
Fossibie Genorgpes.

o
Bloed Possible "
Type Genolypes @ | Py i
& HFar A ety
B BB o0 B s [ [ [B] [0
A8 HE « N 6 Thiors: v e Fonmrs o oiers
o P i o ABD Biood groun—#, # aeai
Develop Concepts
[BL[OLJAL|
Clarify a Misconception

ASK STUDENTS: Is there such a

thing as a universal blood donor?
no Some students might think
there is a universal donor for

all blood groups. This is a
misnomer. Because of complex
immune reactions, researchers

no longer use the term omiversal
domer. Blood is typed and matched
and given only to a marching
blood type.

= Fligisre T Rabbis have muhiste dikdes
B ot Cobot T boas sl prosscs
o Bashe varkalions i Coal ooded

12 Chaples 1 o Comglon |

{ Multiple Alleles

i Mot all traits are determined by two alleles. Same forms of inheritance
are determined by more than two alleles refermed 1o as mmiktiple
alleles. An example of such a tram = eman bicod growp is an exam-
ple of codominance and mukiple alleles

Biood groups in humans The ABO Blood gooup, shown in
Fagurs &, has chree fomms of alleles, sometimes called AR markers M is
Blood type & I is Hood type K and i &= blood type O Type O & the
dbeence of AR markers. Mote tha allele i is recessnee o P and P However,
P and F are codominan:; blood rype AB resals from boch P and F alleles.
Therefore, che ABO blood group is an example of both mudriple alleles and
codominance

The Rh blond group inchides Rh faciors, inherited from each parent
Rh factors are eisher positive or negaive (Rb+ or Rh- Rh+ s domimam.
The Bh factor i= a biood peotein named after the rhens monkey because
sudies of the rhesus monkey led oo discowery of thar blood procein.

Coat color of rabbits Multiple alleles can demonsirate 3 hoerarchy

of dominance. In rabhits, four alleles code for ooae colios: C, o o8 and &
Allele  is dominam 1o the other alleles and resuls 2 full color coar.
Allele ¢ is recesve and resules in an alhino phenotype when the geno-
1ype is homorvgous revessive. Allele o s dominane o o, and aliele o i
dominant vo o and the hierarchy of dominance can be written as O > ¢
s o 2 ¢ Figure 7 shows the genmyvpes and phenotypes passible for rabbic
coat color. Pull color is domimam over not full coloe, which & domanane
over Himalavan, which is dominam over albino.

The presence of mukiple alleles mereases the possible namber ol gen-
mypes and phenotypes. Wizhour multiple-allele dominance, two allefes,
such as T and r, produce only three possble genotypes-in this example
TT, Tt, and tr-and two possible phenorypes. However, the foor alleles for
rabbm-com color produsce 1en possible genorypes and fowr phenorypes, as
shown in Figure . More varianon in rabbic coar coler comes from the
interacticn of the oolor gene with other genes.

Fiall esdai
CCor O or O™ or Ce™

Hﬂﬂo
Cot o cA R o o

Al
cC

& el Humian Heies

Loppraghl ¥ Bl o bl P e £ b s 0 Fir o P i P o B | B "l e Wl s B s PR K g e i e 0P ol g o

Differentiated Instruction”

Below Level ‘When students are per
forming the critical thinking activities,
pair students who perform below level
with peer tutors. These students can
help them to understand any concepts
that are confusing and help them to

reach acceptable conclusions.

12 Chapler1 = Comglex Inheritance and Human Henedity
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Mo dark pigment presest in fur

Epistasis

Com colar i Labrador retrievers can vany from yellow wo black. This vart
ey = the result of one allele hiding the: effects of anocher alleles, 2n mierac
i caller] epistasis (ih FIHS wh sas) A Labrador's oo color & conimolled
by two sems of alleles. The dominant allele E devermines whether the fur
will have dark: pigmen. The fur of a dog with genotype & will not have
amwy pigment. The dommant B allele devernmines how dark the pigment
will be Srady Figure 8. I the dog’s genotype is Efhb ar Eehh, the dog’s fur
will be choroine brown. Genorypes anbl, anfith, and eefill will peodoee 2
wellow coar, because the e allele masks the effeces of the domimane A allels

Sex Determination

Each cefl in vour hody, exoept for gametes, coniains £6 chromosomes, o
25 pairs of chromosomes. One pair of ithese chromasomes, the sex chino-
masomes, determines an indsadals gender: There are two rypes of sex
chromesomes-X and ¥, Indivichals with rwo X chromesomes are female,
and indniduals with an X and 3 ¥ chromosoeme are make The ovher 22
pairs af chromosomes are called antosomes. The offspring’s gender is
devermined by the conbinarion of sex chromosomes n the egg and
sperm cell, a5 shown in Figure 5.

Dl plgresent present im fur

= Figure B The resulic of apitlas in
el cokee in Labrador retieears shoew an
bertai et o Bvell Grefmi, Gl with Dol
aloken. Moos hat o underscan in i
GEnclype alleve for clthar' & dominant o

Tl e G

= Figisra 9

Laft: The sze and shane of e ¥
ChROIMHrdT 3N T X Chesfede i ik
ik chforent frof oo S i

Rightt: Thae sbrogamion of B tex
ChPOIMrdiTG THE Gt and thi

T LTIt of Sflai®i did &0g

ki 1o faimales

» 9

XX Xy
Fermak tal
Xx Xy
Famak [LFTE]

CarlE sl W O Sppcemaioly 17 rates of

XN o= 24 102
X¥=m=11
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Research Citation ™

Ample Practice Educational research indicaves that students need to be provided

with ample opportunities to practice a new skill in order vo master the concept.

When working with Punnett squares in this chapter. model how the charts are used,
then provide time for students to practice using them individually so that you can

assess their understanding. (Traften, 1983)

il

Develop Concepts

BL oL AL

Sex-Linked Inheritance

On the board, draw a Punnett square
for a sex-linked inheritance such as
color blindness. Be sure to stress the
difference in writing these Punnett
sqquares showing the X and ¥ chro-
mosomes with linked genes. Empha-
size 1o students thar Punnett squares
showing sex-linked inheritance must
indicare both the X and the Y inheri-
tance also.

E Critical Thinking
CACA M Evaluate

ASK STUDENTS: During meiosis,
mhat chromosome pairs up with
the X chromosome? the ¥ or the X
chromosome Why is chere little
crassover between the X and the
Y when they are lined up?

The X and the ¥ chromosome do not have
the same alledes. Despite the fact that the
Xand ¥ chromosomes are different in size
and the types of genes they confain, thers
is @ small region where they maich up
during pairing in mespss. Crossing ower
can occur only in this small regson., and
thus the frequency of crossover between
the X and Y i lower than it is for other
chromosome pairs.

Section 2 = Patterns for Complex Inheiance 13



E] Develop Concepts

[T [T [T scatfoiding

ASK STUDENTS: How is gender
determined genetically? by the
father’s sperm—whether i contnibutes an
¥ora ¥ chromosome Diagram the
dosage difference betmween a
female and male. Diagrams should
show femades have two large X chromo-
somes, males have one large X and one

small ¥ chromozome. Explain hom

females compensate for the extra

dosage of X ch Com-
pared to males. In females, one X

chiemosome randomly inactivates in
every body cell. Infer how a calico
The coat color of 3 calico cat i the result of
the random inactivatson of one of the X

chromasomes. In some cells, the X cho-
masome that was inherited from the
micther = expressed, and in others, the X
chromasome inherited from the father =
Expressed.

MH‘HHHQ Support
[ Formal Writing Have students

conduct research to find out about
the life of Canadian biologist Mur-
ray Barr. Have them write a short
biography of Barr and include his
major scientific work.

Bobw B Alets b
DTN Brang fur

lnixciive X rhmmaseme

lzacires K chomssame

Arihe X Abele fon
chromosome Edad A

= Figure ¥ Tha calioo ooat of e
A PR PO M rA00 NGl anon D“agi cump‘"miﬂ“

ol thia X chasimakomes 5 body colis. Ona

¥ chiamoseme Covles b orangs fir ang . Human females have 22 pairs of aunsomes and one pair of X chromo
e i chitMasome cocas fir black f i semes Males have 22 pairs of aurosomes, along with one X and one Y
TR i My g, 1 chromosome. i vou exammne the X and Y chromosomes 0 Figues 3, you

will notice that the X chromosome is larger than the Y chromosome. The
¥ chromosome cartes 3 variey of genes tha are necesary for the devel
opment of bath females and males. The Y chromosome mamby has genes
that refane 1o the development of male chamcteriaics
Becaumes females have two X chromosomes, o seems s thowgh
females gen two doses of the X chrompsome and males get cnlby one
dose. To halance the difference in the dose of Xrelaed genes. one of the
X chromosomes stops working in each of the female’s body ook, This
pften ix called dosage compensacion or X-dnactivation. VWhach X chromo-
some szofps winking in each body cefl 5 2 compleely andom event
Dosage compensacion cocurs @ all mammals
i As 2 result of the Human Gencame Project, the Marional Instinmes
= Figure T An actianed X chicmo- of Healrh (MIH) has released pew infomuanion on che sequence of the
Sl b 3 Tl Doty ot & caliéad @ + buman X chromosome. Researchers now think that some genes on the

s Doy, i Chirk: Becety s isalty found mactivated X chromosome are mone actve than was peeviooshy thoughe
s e fuc ks P :

i 3% ¢ Chromosome inactivation The coar colors of the calico car
shown in Figure W are caused by the andom inaccivanion of 3 partice

v 1 lar X chromosome. The remulring moloss depend on the X chromosome
+ thar s activared. The orange parches are formed by the inacoarion of
i the X chromosome carrying the allele for back coar cofior, Similarby, the
! black patches are a result of the macrivacion of the X chromosome car
i rying the allele for orange onac color.
i Barr bodies The inactivated X chromosames can be observed in
! pellk In 1949, Camadian scienmist Murray Barr observed imactivaced X
| chromosomes in female calioo cars. He noviced a condensed, darkly
| sained sructure in the nuclewss. The darkly staimed, mactivared X
i chromosomes, such as the one shown in Figues T are called Barr bod-
ey

i ies howas discovered Liver thar only females. inchading human
:  females, have Barr bodies in cheir ool nuclel.

W Chapbi 1 & Codigien liheildids &6 Hoild i Hiraddy

Copigh | B o ok siad e o e P b 0 1 B B T o e i g

Content Background™

Teacher FYl Unlike the X chromosome, the ¥ chromosome is not "gene rich.” Fewer
than 100 genes have been mapped to the Y chromosome. Many of these genes con-
tain instructions to make the baby a male. ‘Without a functioning Y chromosome, the

baby will develop similar to a female who has Tumer syndrome (similar to an X0O). In
X inactivation, most of the X chromosome is inactivated in cells that have tewo X
chromosomes. This occurs early in embryonic development. A gene called XIST pro
duces RNA, which accumulates along the genes of one X chromosome, inactivating
the majority of ane X chromosome.

13 Chapler1 = Comglex Inheritance and Human Heredity
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Sex-Linked Traits

Trans conteolled by genes locared on the X chromosome are called
sex-linked trafis, or X-lmked rans Because males have ooly ooe X
chromosome, they are affected by recesdve Xinked trasts more ofien
than are females. Females are lesx ikely 1o expeess 3 repessive Xolinked
trait becawse the other X chromosome may mask the effecy of the iz
Some rradrs that are locaved on Aurcsomes may appear to be mx-
linked, even though they are nor. This ooours when an allele appears
to be dominam in one gender bur recesgive in the other. For example,
the allele for haldness is recessive in females bur dominam i males,
causing hair losx that follees a typical paceern called male-patwern
baldness. A male would be bald of he were heterozygows for the .

= Flgurs 12 Pacphi will isd-getien oikie
NS viaw i and Qoon &6 shaods

ol iy

wihile 2 female would be bald ondy if she were homorygouws recessive

Examples of Sex-Linked Traits

Explain rity dfime con fresd Sofitelsd wiia
Ay oG Cody Blianbowia it alei.

X% = wommal
XY = Rekgreen cobe blisd

Resd-gresen color bhlindness The trait for red-green color blindness 1
a recessve dinked tran Abom 8 percent of mabkes in the Unied
Seaes have red-green color blindness. The phoms in Fguns 122 chow
b 2 person with red-green color blindness might view colors oom-
pared 1o a person who does not hae: red-gresn color blindness.
Smdy thee Punnet square shown m Fgues 2. The mother is a
carmier o cobor blindness because she has the recessive allele for color
blindness on ane of her X chromosomes. The father i noe oolor blind
because he does not hone the recescve all=e. The sexdinked maic &
represented by writing the allde on the X chromosome. Notice that
the only offspring thar can possihly have red-green color blindness &
a malke chifd. As a resuh of n being an Xlinked ait, red-green. color
blindess is very rare in fermakes.

’mm COMpsane afsl Doriaes seo linkid Wl and sex-alfecsd traits

¥ = ¥ihromosome

X* Y
X' X xy
x| xix x'y

Sattion 2 + (sEpes Famesss of Ishaiiascs 195

= Caption Question Fig. 12 Since males have only
one X chromasome, they are affected by recessive
¥-Enked traits more often than females.

Demonstration *

Color-Blind Test Children's color
blindness tests are available from

warious companies. They are based on
having the child match various colors
and shades of yarn. Demonstrate this
concept using one of the actual tests
or using various shades of one color of

varn. Est. time: 10 min

il

E Develop Concepts
EMEN M Activity Have students
gently scrape the inside of their
cheek with a oothpick and rub
the toothpick on a slide. Students
should use caution with the sharp
woothpicks. Add a drop of methy-
lene blue and a coverslip. Female
students should find a Barr body in
their cells but males will not. Drop
slides into a mild bleach solution

before disposing of them.

Writing Support

EA ™ informal Writing

Have students research congemnital
genetalized hypenrichosis and
write an essay describing this
sex-linked disorder.

E Critical Thinking

[N [ Infer The gene for male
pattern baldness is on an autosome
burt is sex-influenced. The

B allele is dominant in males

but recessive in females.

ASK STUDENTS: Whar male
genotypes will result in bald-
ness? 86 or 86 Will baldness
result in a female with the
genotype Bbt No What genotype
will result in female baldness? 58

Section 2 = Patterns for Complex Inheitance 15



Writing Support

[N ™ persuasive Writing
Have students investigate the story
of David, known as the "Boy in the
Bubble.” David, of Houston, Texas,
suffered from the disorder called
severe combined immunodefi-
ciency (SCID). He lived the major-
ity of his life in a sterile “bubhble.”
Have students write a persuasive
eszay explaining whether they feel
David's medical trearment was or
was not ethical.

ESHI[ Practice

[N visual Literacy

Have students smdy Figure 13 and
describe the passage of the hemo-
philia gene from Queen Victoria
through the generations to Alexis.
Cween Victoria to Alice to Alexandra to
Mlexis

M Have students draw a pedigree
that includes Alexis if he had mar-
ried a noncarrier and had two boys
and two girls. Both boys would be fine,
bt bath girls would be camers.

E Develop Concepts
(BL | OL
BActivity In groups of three, have
students draw an illustration that
demonstrates the difference
between autosomal and sex-linked
inheritance. Diagrams should show
dominant and recessive alleles in
both types of inheritance and
how X and Y chromosomes carry
sex-linked traits and disorders.

= Caption Guestion Fig. 13 Aexis
mhented his mother's X chromosome and
displayed the disorder. His sisters might
have been carriers, but they did not dis-
play the dizorder.

T T3 1y vy W

L

=
T o}

= Figuins 13 Tho peedigies sl Wdws
e il of Nemontdha o1 th iyl
familes of Englamd, Godmasy, Spai, s
Patutia, SLHTtH Witk th ehildres of
oy Wamiona
Drbeaming wivch of Akeaandra’s

e il earoafiii.

e [ s | e [————
Tadrla Airvalirid
[Ype——
; l'|I 3|
L] Goapan

I Caiie potomevge) b W Feibs cara Rarals I ooz maic

Hemophilia Hemophilia, another recessive sex-linked disorder, 1s char
acierired by delayed cloting of the bliood. Like red-green color biind-
ness, this disorder 15 more common o males than in females.

A Bmmes pedigree of hemophilia & one that amee in the Gmily
of Qreen Vicroria of England {3519 15601). Her son Leopokd died of hemo-
phil, and her dousginers Abce and Beatrice, a5 ilusraed inthe pedigres
in Figurs 13, werr carmiers & the disease. Alice and Beatnioe passed on the
hemaophilia mait o the Bussian, German, and Spanish royal Bmiles Follow
the generations in this pedigres oo see how chis tmit was passed theough
Cheeen Wictonas Gmihy Queen Vicoora's granddasghrer Alexanda, who
was 3 carrier for this ran, marmed Tar B 0 of Russia. rene, anmber grand-
daginer, pased e trait om w the German moval Gmily: Hemophitlea was
passed o the Spanish royal &miby chrough 2 vhied granddaughter, whose
mame aso was Victora

Men with hemaphilia osually died at an eady age umil the rwemt
eih century when dotting factors were discosered and given 1o
hemaphiliacs. However, blood-borme wiruses sich as Hepatiis C and
HIV were often comraceed by hemophibacs wunl the 190s, when

safer methods of blood rrnsfusion were discoveresd.

96  Chagtar 1 = Complia ohaitans sl Haman Heedny
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Polygenic Traits

You have exammed raits derermmined by a pair of genes. Many pheno
rwpic trais.: however, arise from the inteacrion of mulicple pairs of
genes. Such traies are called palygenic traits. Trans such as skin
color, height, eve color, and fingerpont pomen: ane polygenic (mirs.
One charmcienisic of polygenic mams is that, wien the frequency of
the member of dominam alleles is graphed, 25 shown in Fgues M, the
remul is a bell shaped curve. This shows thar more of the imcemmediate

phenotypes exist than do the exrreme phenorypes.

' Readiing Check Infer Why would a graph showing the fre-
quiency of the numbser of dominant alleles for polygenic
traits be a bef#-shaped cune?

Environmental Influences

The environment alxo has 2n effect on phenotype. For example, che
tendency w develop hean disease can be inherited. However, envi-
ronmenta] Govors such as diex and exercise also can coneribuee o
the cocummenoe and serosness of the disease. Ocher ways i which
ervirooment mfhsences phenoeype e very Gmilar to yow. Yoo
may not have thooghe of them in terms of phenmype, however.
Sunbighe, warer, and remperacure are emamonmemal infhences tha
commanly afsct an cegandson’s phenonype.

Sanlight and water Withour enough sunlight, most lowening
plames do nor bear Mowers. Many plines loze their leaves in
response 1o warer deficiency.

Temperature Mos organisms expenence phenonypec changes from
exireme temperanee changes In exereme hear, for example, maoy
plarits suffer. Their leaves dmop, flower buds shrved, chilonophyll dis-
appears, and s soop growing. These are examples thar probably
do pov surprise you, although vou may have never thooghe of them
as phenooypic changes. What ocher enviroomoental ficoors affect the
phenorypes of organisms’ Temperaure also influences the expoes-
sion of genes. Nocoe the fur of the Slamesse cn shown in Figens 15,
The cat's tadl, feer, ears, and nowe are dark. These areas of the car’s
baody are cooler than the rest. The gene thar ondes for production. of
the color pegme in the Samese car’s body functions only under
cooler condinions. Therefoee, the cooler regions are darker; and the
warmer regions, whese pigmemn prochscion i inhdbited by tempea-
rure, are liginer

= Figura B Thic grann shoes posobie
shackes of dein cob Pom Peed sets of s,
ahhosugh B ail & Pesaghi b sk moos
Eabn e Serts of alaks

= g 15 Teroeratore afacts The eaes

L mhon of color pagmant i el of Samece oo

BT

Scian I+ Cotibhion Patirs of Mbeitancs 12

Demonstration °

Gene Expression Germinate 30 mustard seeds in petri dishes on moist paper tow-
els. Germinate 15 in the dark and 15 with light exposure. Examine after seven days.
Brassica rapa seeds, available from biological supply houses, will germinate in 24 h
The plants germinated in the dark will be white; those germinated in light will have
green leaves. Set the plate germinated in the dark in the light for a few days to dem
onstrate the influence of environment on gene expression. Est. time: 5 min each day
for 10 days

il

E Conce
I'i'l:gr PaTaruund a
sheet of paper and have students
write their height on it. Make cop-
ies of the list and distribute it to
students. Have students make a
line graph from the height data
The line graph should be close woa
bell-shaped curve if enough stu-
dents are included. Point out that
this is the characteristic partern of
a polygenic inheritance.

6595!{!15 Check [t would be bell
shaped because there zre more
intermediate phenotypes than the
extreme phenotypes.

= Caption Question Fig. 14 Mos
gene pairs would increase the potental

phenotypes.

Section 2 = Patterns for Complex Inheiance 1T



= Fagishs #8 Whon 3 Uil is fsund
e Sflan n Doth fembars of sl

#Assess Content Development tovirrs. thaes in Saternal tices, the brait is

Assess how understanding has developed ST I e & S ierass

when students revisit the Launch Lab i cem— 2
5

Formative Assessment g

Evaluation Have pairs of students

prepare and sull.re seveu! Punnett A:p::mn.. l:;:.d Depremicn m;?r
square or pedigree practice - '

invalving incomplete _—_—
me .“'n’E_ AL I:I'.IEﬂ Bl eesical veins [ Frovemal vaies

sex-linked traivs. Practice problems

might include human blood groups St ol iy i Twin Studies

and color blindness. Have the pairs about humian inbetilincs. bow wauld pou Another way to study inheritance pattemns 1= to focus on wdentical
exchange their problems and use new anvwer the dnalysis questions? twins, which helps sciemists separate genetic comeributions from
cach-orhers ok 1o chedk e envionmenta] comribumions. Identical rtwins are genetvically the

i same I 3 trait s inherited, boch demical twins wall have the man
answers. If one pair produces an ! Srientists conclude that tradts thar appear frequemly m idenrical
incorrect answer, have the other | twins are at beast partially contralled by heredizy. Also, scientists

: 3 presume that traits expressed differently in dentical rwins are
et EKFII]H the correct answer. strongly influenced by emvironment. The percentage of rwins who
Remediation Prepare a set af

bath express a3 given trait is called a concordance race. Examine
practice problems thar illustrate

Figurs 96 for some traits and their concordamce @ees. A& large differ-
+ence berween fraternal rwins and ideorical twins shows a scrong

each of the types of inheritance in + penenc influence.

this section. Have students who

understand these complex patterns
of inheritance work with students \
Understand Main ldeas

who are having difficulty under-
1 TR Describe fwo patems of comples inharitance and ceplan how

standing the concept.
S Ty e difierent from Mendeilan patiorms.

Section 2 Review

Section Summary
¥ Some imis o inherted throagh oomplex
Iinhenlanoe patiems, sech as incospkcie

dominance, codaminancg, and mulple
o
P} Gander & detarmined by X and ¥ chroma-
- somes. Some fraits s linked 1o the
X chromeosome.

§ Polygenic raits imanie: mora than one pair
of alleles.

¥ Both geves and envionment infisnoe an
ongansm's phonolype.

2. Explain Whats epistanis, and how 5 it diffesend from domimance T

3. Delwnmlne the goooiypes of fe paonts | the Sthar ks Blood type A, e
maother i Blood typer B, Ehe dasgivier s hlood typa 0, one son ks blood Bgpe
KH, 3nd the ofter som |s blood type 8.

4. Amabyrs how ten et help to difomngato the otbess of genetc and
onvipament sl Infkenes

Think Criticaliby
5 Evalusbs wheshor harang sickie-cod doease wiukd be advantagoss o
disaduamiagedss 1o a persos Bng in cental Bnca

¥ Seuries of inhorkance pamems. of lange :
famitics and twins give inight iz conpiz L MATH in JIET
[urmern nharilanco.

& What i The chance of prod ucing a son with normal viskon # the Father s color-
Ilind and the mother i homorygous omal for the trai? Explain.

i Chapier 1« Comales inheilasce ad Homan Horesitg

Lo | 0 B L e 6 )

Section 2 Review N

1. incomplete dominance and codominance; Mendel described pattems
of mhentance that were very =smple.

. Epistasis ocours when one allele masks or hides the sspression of the
wther allele. i differs from dominance in that a recessive allele could
potentially mask 3 dominant afiele of another gene pair.

3. Both parents are heterozygous and camy a recessive type O i) gene.

4, identical twins are genetically alike, so traits that are alke are
imherted and traits that are different are Bkely the result of envronmen-
tal infiusnces.

"—
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8. Sickle-cell dizease can provide either an advantage and a disadvan-
tage. In the heterorpgous state, the person is resstant bo malana. In the

homazygous sickle state, the person suffers from sickle-cell deease.
6. 100% [the father donates a ¥ chromosome and the mother an X

chromosome with a normal wision genel




Essential Questions

¥ Hove are karyotypes used 1o study
penelic disoiders?

B What Is the rolo of idfomeses?

Hov 5 rendisjanclion 1ol

Doven SyNdmsg and rihe! A0norsa

CHROTHETHE M TS

What i the besafies s risks of

dagnoasic Tolal tesfng?

Heview Vocabulary

mlinzks: a peocess in the nocles: ol
a dividing oofl, incl wng prophess
metaphice, AnapkEse, 300 Eehiss

Mew Viocabulary

Karyutype
bobDmEE
nondEunction

Chromosomes and
Human Heredity

{{Em an b shidied using karyotypes.

Rial-World Resfing Link Hawo you owor lost one of the playing picos

Section 3
MAIN (dea

EN EN M Karyotypes Show stu
dents a picrure of a karyotype of a

human male or temale and one
from amother mammal

g T Kirpblnsis 34 i e gass of
[LEeit s Lhe
DL e Y el v
DisTing ulsh witsid Bad & roveacicrnid oM
ariaTged Sepanslely Irem [T olfned Sl

o] e 12

beionging B a game?! Fouo might not heve beon abie bo play the game becsse the
misning piece was imporisnt Just a5 o mipdaced geme ploce affects a gams, &
missing chromosome has & significant impact o

ASK STUDENTS: What are the
similarities and differences
between che two karyorypes?

Similarities:

he organism

.
Karyotype Studies

The study of genetc maceral does no mnvaohve the study of genes
dlone. Soiemists akso stody whole chromosomes by using mmages of

i ek e S
11 SAOW Lhe CRremosomeas

chmmosomes srained during metaphase. The staiming bands idenify
or mark idemical places on homologous chromosomes. Dusring meeta
phase of mitesis, each chromasome has condensed greatly and consers
of two sister chromatids. The: pairs of h
arranged i decreasing sige 1o produce 2 micrograph called 2 karyo
type (KER er uh upel Karyorypes of 3 human male and a human
female, each with 2% padrs of chromosomes, are shown in Figune T2
Motice thar the 2
nonmatching sex chrompsomes

mologous chromosomes ane

nnosomes ane maiched ogether with one pair of

Telomeres

Soienaises have found thar chromosomes e

E] Develop Concepts

(BLIOL AL | COOP LEARN |

Activity Search the Internet for
large copies of pictures of scartered
maale and female chromosomes.

I prodect

» caps called
telomeres. Telomere caps consist of DNA assocaved wich proceins
The cap serves a protective funcoon for the scructore of the chromo
soeme. Scientists haove dscovered thar telomeses also might be involved
in both aging and cancer

Give some pairs of students a male
set and others a female set. Have
students cut out the chromosmmes
and prepare a karyorype. They
should be able to determine the
sex of the individual

m'b\‘riting Support

M [ Formal Writing Have stu
dents research the hypothesized
role of telomeres in cell aging and
prepare a technical report on the
possibility of telomeres being
involved in aging chat includes
illustrations. Post the information

Seecthen 3 & Chissfidandd atd Human Heoedity 8

Caption Question Fig. 17 the X and

on a bulletin board.

Content Background

Teacher FY1 Various stains, such as
Giemsa dye. are used to band chromo
somes. The staining resules in dark and
light regions. The number, intensity.
and width of the band are reproduc
ible characteristics and are used by
geneticists to carefully prepare a
medical karyotype. Computer pro
grams can arrange the chromosomes
inte karvotvpes.

o
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Purpose
Students will illustrate how
nondisjunction occurs either in
meiosis 1| or meiosis [, causing

Develop Concepts
ENEEETIETE Research

students inco groups of
three and have them research tests
for detecting chromosomal abnor-
drome. Have them create a visual
should also include the use of
genetic counseling.

Figure 18
Gamaies with sbnommal nambars of chromasomes cas s from nondsiusciion duting mekcais. Tho crasgo
CIWRGSHMES COME fom one parend, and tha blue chmasomes come bom e other parent

Kesndfisjunetion in meiasi | Mandisjunctisn i meieis |

8 o it

Demonstration

Mm-:ﬂnn Use two pairs of socks to represent a pair of chromosomes
(each consisting of two chromatids). Place a small piece of hook-and-loop tape on each
sock to keep the pairs together as you hold them up to the class. The two pairs
together represent a pair of chromosomes that line up during metaphase of meiosis L
Demonstrate nondisjunction during meiosis 1l as one of the pairs of socks fail to sepa-
rate correctly. Two of the resulting four gametes have one sock chromatid each, one
has rwo socks, and the fourth has none. Est. time: 15 min

—
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MNeondisjunction

During cell division, the chromesomes separate, with one of each of
the sister chromanids going 1 opposite polies of the cell Therefore
each new cell has the correct mmmber of chromosomes. Cell difvision
during which sisver chromarids il to separate property, which does
happen occasionally, is called nondisjunction.

If mondisjencrion oocurs dunng mesosis | or medosis B as shown in
Figurs 18, the resulting gameres will not have the correct member of
chrompzomes. When ane of these gametes emilzes another gamee,
the resulting offspring will nm have the correct mumber of chrome
somes. Notice that nondisjunciion can resul in extra copies of a cer
tain chromosome or only one copy of 2 particular chromesome in the
offspring. Having a s=t of three chiomaosomes of ooe kind = called
trisoimy (TR 50 mel Having ondy one of a particular type of chromo
soame is called monosomy (MAH muh so mel Nondispuncrion can
OCTHr in any arganism in whach gamenes are produced through meio
sis. In hizmans, alterations of chromosome nsmbers are associaed
with serions human disorders, which are ofien are 2l

Down syndrome (One of the earfiest knmwn emaen chromosomal
disorders s Down syndrome. b = the resub of an extr chromosome

CAHEERS IN B

Rusearch Schemilst Pescarch
scieninds know and ieseach s
paricular field of science, soch 85
geneiic dcrders. Most reseanch
scionibds begin fhairwork n their
endergraduate shectes and contin
o0 0 & MIESiers sogeess o PO

[i] Reading Strategy
(BL|oL]AL)

Anticipation Guide

Before students read the text below
the heading Nondisjuncrion, have the
following discussion

ASK STUDENTS: Do gou knom
anyone with Down syndrome!
What would you like to know
about Down syndrome? Write the
student questions on the board
and then have students read the
text. If any questions remain unan
swered. have students research

Z1. Therefore, Down symdrome often s called trisonmy 21, Examine

the kanwooype of a child with Down syndrome, shown in Figurs 5.
Notice thar she has three copies of chromosome 21 The characveris

tics of Down syndrome include distinouve fcial fearures, a5 shown in
Figurs 19, short szatune, heare defscrs, and meneal disabidivy, The
requency of children bom with Down syndrome in che Unioed Stanes

iz apprmamatefy one owt of B0, The frequency of Down syndrome
increases with the age of the mocher. Studies have shown thar the risk

of having a child with Down syndmme s dhout six percenr in moth i
ers who are 4% and older *

answers to those qIJE'.'i-'[iCIHR.

MWriting Support

M EN L informal Writing

Give students the Ir.lJaning e
mario: A genetic test has just indi-
cated that the child a couple is
expecting will have Down SV
drome. Hawve students write a letter
from the physician explaining to
the couple how Down syndrome

occurred

s Fguie B & poron welh Do syrabbnme
Tt S v Pl o A il

Pl el Ol [Pl Urederd T e C Dqim

of SO rba 1

Critical Thinking

CACENEE consider The gametes
from an individual with
Klinefelter's syndrome are often
steribe, but occasionally they can
produce a functioning gamete.
ASK STUDENTS: What problem
do the chromosomes have during
meiosis in an individual with
Kleinfelters? The two ¥ chromosomes
and one Y chromosome line up together,

Sacthoi F & Clismicodvis and Heian Hasdiy 3

500 [T

T pawng oocurs during

melasis, makmg the presence of

: - = — abnormal gametes more likely
€€ Knowledge exists to be Differentiated Instruction
imparted. 99

. Visually Impaired If vou will be using
any special equipment such as a projec
tor during class, warn students who are
visually impaired of any changes to the
layout of the classroom. This waming
will allver students to make any needed
adjustments as they move around the

TOOITL

=R Warno EMERSON

o
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Est. Time 30 min

Safety Precaution Discuss the

satety concems of this lab before

Teaching Strategies

* Prepare and distribute copies of a
data table, such as this one. with
rows for as many subjects as

Hitehhilker's
thumb /N

L

Analysis
1. Answers will vary. Sample answer: we

kooked for the ratio of subjects with a
hitchhiker's thumb to subjects without
a hitchhiker's thumb.

£ Students might suggest DMA analysis or
cmmpilng pedigrees o determing doms-
nance. In small populations, trasts can
be more common even thowgh they ae
recessive, which might cause students
1o misidentity them as dominznt.

E Skill Practice

(BL | OL|

Visual Literacy Have students
work in pairs 1o draw a series of
meinsis stages illustrating one of
the abnormal genotypes in Table 4.
Have the groups exchange papers
and infer which condition the
meiosis pictures show.

Mondisjunction in
m ——

Genotype 4
Harmal Famak with H-n-rr,rr:urrul Horma ma Make with REtdlz
Phenotype  fomala Tumes's Elnalefiers r-larl_'frrnrrrul dieath
SYTEame wndiome mak

Sex chromosomes Nondisunction oocurs in both aunosomes and
sex chromozomes. Soome of the resubs of nondisjuncrion in emaen sex
chromosomes are histed in Tebie & MNove thar an mdivicheal wich Tarm:
er’s symdrome has only ore sex chromosome. This condition resales
from fertibizaion with a gamese thar had no sex chromosoome.

Fetal Testing

Couples who suspect they might be carmiers for certain genenc disor-
ders might want w have a feal test performed. Oider couples alsoe
might wish to know the chromosomal starus of their developing balby,
called the fetes. Vanous types of teses for ohserving both the mocher
anel the baby are available

s of the Geneticist

How do geneticists leaim aboart homan heredity? Tragiional methods used o Ivestgale the genotics of
pianis, animal, and microbsos o Not Stable or possinie ko uSo On hEmans. A podiQred i one whoful bood for
Fnastigating human inhoviianca. bn this kb, youw will explore yet anoiber bood of the genetics] —popuiation
EETIRdNG. !
L identily the sxioéy concems of this kab before work begins.
& Construct a data @ble os nstrutied by your teachet
& Sunvey your growg Tor the hitchhiker's thumb trai
i, Suney your growp for other rans cotormingd by your tescher.
B Compde ihe class data, and analyTo the traits that you imestigated in the suney population
Dedorming which of the traits are domdnant and which are recessha.
Amalysis
L Interpret Data What nusmencal clue did you look for 1o detorming wh thar aach trait sureoyed
‘Wl dominant or recessive?

2 Think Critically How couid you chack 10 sest I you comectly isentified dominant and recassive traits?
[Expiain wivy you might heve misidentfiad o trat

22 Chagid 1+ Cormgbin Wb Rare s Haman Horesity
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Research Citation™

Real-World Applications Research
indicates that students gain a better
understanding of concepts that are
related to real-world problems. The
MiniLab on this page demonstrates the
relationship between pedigrees and
inheritance, allowing students to relate
this topic to the real world. (Steen and
Forman, 1995)
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Copanh OB i pass

Table 5 Fetal Tests.

Tt Benafil

+ Dhargnosis of hromossms abnimmaiies

Amminreniesis + Diagnosis ol other defects

= Duagnosis of dhromoueme shnormaity
Cheeionic villus sampling  + Diagnosi of certain genotic defaces

+ Dlagnosis o goreiic or chiomoesomes: ahnarmality
Fetal = Checis ko ietal bicod probioss and cuygon lewels

= Madications can e ghen bo e dofus before birth

+ Discomiiorn for copectant momhor
= Sight rick of inlection
= Hisk of miscamiage

= Aick of mEcamiage
& Rigk of inflgclion
= Hizh of newbom fimb dafocs

= Ak of blsoding fram @ople sk
= Risk of Infoction

= Armriolic Mukd might ieak

= Rk of lolal death

b Chom BER aE | Many fetal tests can provide importan: mfor-
muation 1w the parents and the physician. Tebls S describes the rizks
and benefits of some of the femal tests char are available. Physicians mest
consider manmy Booors when advising parents abmun such examinarions.
At least a small degree of risk is possible in any test or procedure, A
physician would not wam o advise tems thae would endanger the
mather or the fetus; therefore, when comsiderning whether to recom-
mend fetal testing, a phwsician would need 1o consider previous health
prablems of the mother and also the health of the ferus. | the physican
and paremns determimne thar amy fecal test is peeded, the healch of hath
the mather and the fenss 5 clossty monitored throughour the testing

Section 3 Review

N\

Section Summary I Understand Main |deas
P Kanyolypes are mioograghs of o4 EEUGER Explain how a scieniish might ume a anyotype o stdy genetic
A OTHATIES.. = disoed ors,
¥ Chromosomes ieminaie in 2 o i 2. Summarize the ok of telomes.
callad 2 dalomers. T 3. IBustrade Draw 3 shoich i show how nendishunchion scoues during meiests.
¥ Mondisjnciion resuits in gametes 7 . Amaiyre Wiy mighs missl
= g soctions of the X or Y chromozome be a bigges

with an abramal number of . \probiem N maies than delctinn would te i one of the X chremosomas in
IR OTREOTIE. : temaios?
.th-mhl.mﬁﬂd 5 Think Critically

! ' B Crestea kryotype of a female oraniss in which 2n = , choeing bisamy of
P Tesis for asseesing thi poss bty of " chiomosome 3,
genesSc and chromescmal d scnders 3
R - 6. Disewss the benefts and rsks of fefal lesting,

+ EEIEEITED Biologqy

T ‘Condudt iesearch on e consoquances Of nondcunction other Man tisoamy IL

- Whilo a paragraph aboal oo findngs.

Secion 3+ Chrodicodi s i Haman Heady

Develop Concepts

(BL ] OLJAL]

Clarify A Misconception

ASK STUDEMNTS: If a rare disor-
der appeared only once in a cou-
ple’s family—-affecting the male’s
great uncle or a first cousin. for
example— should the couple have
their developing baby tested for
the disorder? Yes, if they chooss 1o

dio 50, because recessive genes can be
expressed after several generations. Stu-
dents might think that problems
affecting relatives in the distant past
have little chance of showing up in
their offspring.

Formative Assessment
Evaluation Frepare a picture pre-
sentation that shows karyotypes of
various disorders and pictures of
telomeres.

SAY TO STUDENTS: .H-:ltlf! the

Remediation Have students write
review questions from this section
on note cards and write the
answers on the backs of the cards.
Srudents having difficulty with the
ideas in this section can use the
cards to review ConCeprs.

Section 3 Review

N

1. to determine the sex of the individual, whether the proper numbssr of 5. Answer should show understanding of karyotype and show that the

chromosomes are there, whethear there is extra or missing chromo-

somal matenal
2. Telomeres proted chromosomes.

3. Sketches should demonstrate an understanding of nendegunction.

individual has three copies of chromosome 3.

6. benefits = discovery of genetic problem; risk = harm o fetus
7. Paragraphs should show understanding of nondisjunction. Paragraghs

4. Males only receive one X and one Y, so missing sections could contain
genes that are vital, With females who have two X's, deletion in one X

could be made up for by the other.

should not desoibe Down syndrome.

Secthon 3 = Chvomnosomes and Human Heredity 253
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In the Field

Purpose

Students will understand that
genetic counseling involves inter-
preting genetic tests and commu:
nicating the results to the client.
Genetic counselors must have
scientific and social skills.

Anticipatory Guide

Engage students in a discussion of
uses for genetic counseling.

ASK STUDENTS: What are some
different reasons for gemetic test-
ing? Anserers may include testing to see
if a person is a camer for 2 genetic deoe-
der. Why do you think this type
of test is importamt? Arswers wil
vary, but maght include helping a couple
determine whether io have a child based
on the chance of a genelic disorder in their
oifspring.

Background

Genetic counselors have changed
our world immenselv. Genetic test-
ing has become an important vehi-
cle for disseminating information
about genetic disorders and has at
times been the center of contro-
versy. Ensuring genetic test infor-
mation is correct and discussing
the ways in which this information
can be used are of critical impor-
tance in arder to keep the public’s
masL

~ In the Field

- s A M

gk S RE W L . B B R B ik B B R VD S R

Career: Genetic Counselor
Genetic Testing and Support

Hawe you ever iooked at your family tree?
Do you knaw of any disorders or diseases that
“run” in familes? Genatic counselars

Gesnertic coumsekars Genolic counsciors

trained to deal with the emotional aspecis
associsted with leaining the resuks of a
genedic iest. They serve as patient
atvocates. relerming indsd duals o community
or slabte supparnt services.

‘What dots genetic testing invobes?
Tests arn dond o dedorming E any
abnarmaliies am presend in o partfcuar gone
or chwamosome. Testing usually invokes a
sample of biood of tsswse. in the cose of
prenatal genedc testing. a sample of amniotic
fluld or issue from around a fetus 15 taken

It can be haiphd o provide medical detaiks:
about other people in your family, uwsually
QNG back 10 your Qrandparenis’ ganeation,
|prior i meeting with & genetic counsalor.
Sometimes a family hisiony gives doctons
anough infomsation io disgnose a genetic
condEan

‘Who gets genetic testing? Somotimos a
docior recommends genotic testing. Othar
times, indeviduats soek & for thamsalves.

&4 purate ted can -y -
n e o

Possibilo reasons for genatic testing incluta:

» & family history of genetsic disordons:

= an unususl oocurence of cerain types of
= e

= having a child with leaming deficutties or
noalth probiems, which mighs have a
ganatic cause;

= couples planning pregnancy who wish bo
dotarming If thair chiid & at ik fora
ganatic condition

Several hundeed penetic lesks ane cumenSy in

=i, with moee baing doveloped. Whilk 3 dociorn

o haalth core spocislist con ondar a genatic

besst, they often refer pationts 1o genetic

courmelors wing have recesod spocial iraining

ta intarpeet sach tests, suggest avalabic

ogtions, and prosidie supportive counseling.

o ik Gram Vil s mn ek (i i m sl

Organize students into groups. Present to them the following questions to discuss,
and have one member in each group write down the group’s responses.

ASK STUDEMTS: How does genetic testing affect a person who has a parent mwith
a genetic disorder? If you had a parent with a genetic disorder, would you want
to be tested for the disorder? Have the class regroup and discuss their responses in
the remaining time. Discussion paints will vary but should include the importance of understanding
uncertainties in test resulis, and mmplications of being a camer for a recessive disorder. Students should
also discuss the impaci of changing =cience and technology on the field of genetic counszeling.

24 Chapler 1= Comglex Inheritance and Human Henedity
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BIOLAB

WHAT'S IN A FACE? INVESTIGATE INHERITED

HUMAN FACIAL CHARACTERISTICS

Background: Most people know that they
inheexit their hair color and their eye color fram
their parents. Howewes, thene are many other
head and fxcial traits that humans inherit. in
this lab, you will investigate 2 rumber of
different inherited facial structures that
combine to compose a human face.
Question: Whof strucfores Fiot comprore e
human foce ore ocloolly defermined genelionfy?

Materials

coms, 2 pey teant heads=dominant tram,
nails=recemsive trait

table of mherited human facial
characteristics provided by the teacher

Procedure

L. Idemtify the safery conoems of chis b

beefiore wiork: begins

. Pammer wath a clasomare.

3. One member of che team willl pepresent
the Gther, and one member will represen
the mocher. Decsde which partner will regr
resern the Baher and who will represem
the mother

4. Have the person represenning the Grher
{lap 3 cotn. If the coin lands heads facing
up, the alfspring & a female; of the ooin
lands rafls facing up, the offspring s a
mule. Record che gender of the offspring:

5. Flip vour coin ar the same time 25 Your
parmer. Flip the coins ooly once for
each trair

&. Cominue wo flip coins for sach craic shawn
im the wable Afrer each coim flip, record
the rrair of your offsprng by plecing 2
check in the appropriave box in the wble.

7. Once che traits are desermvined, draw che
offspring’s factal feaneres, give him or her
a namee, and be prepared i imroduce the
offspring o the rest of the class

M

Analyze and Conclude

L Think Critically Why did the partner
represencing the father fip the coin
imitially to decermine the gender of the
oifspring!

2. Caleulane ‘Whar percent chance was
there of producing male ofspringt Female
ofifspring? Explain.

3. Recognize Canse and Effect ‘Whar are
the possible gemorypes of parems of the
iinlowing three children: a boy with
seratght hair thh), a daughrer wh wavy
Fsatr {Hh), and a son with curly hasr (HHE

d. Observe and Infer Which raits show
codaminance?

5. Analyze and Conclude Would you
expert other stodemn pairs in the chs o
have offspring exactly ke vours! Explan

WRITING in JHTLE

Resharcl badine ol wolk WIse J sCebihoe
colaimn b 3 Lrge faewspapen. A reader s
WENRET L0 ViRl sking for 2 job descripoion or &
generic cowrsclor. Reseanch ths guenson; then
Wil 3 AT wWEapeT ColLinn answering chi
(L]

Analyze and Conclude

1. The male determines the gender of the offzpring

in humanz.
. & 50 % chance in each situation

3. To achieve ths outcome, both parents must hawve

wawy hair ).

A. Answers will depend on the traits used.

5. The chances of two groups producing identical
offspring are guite remote. | would require each
cain flip for each group to be exactly the same fior

each irail.

BIOLAB

Est. Time 35 min
Content Background

Humans inherit many traits other

than just eve color and hair color.

Safety Precaution Discuss the

safery concerns of this lab before

work begins.

Teaching Strategies

* Have students compile their
characteristics into a hand-drawn
picture of their offspring, give
the offspring a name, and intro-
duce himyher to the class.

» Have students work in pairs.

Alternative Teaching Demo
Provide students with pictures of
several members of a family. This
may be members of a well- known
family or your own family. Ask stu-
dents to examine the P:IL‘[LLI.‘E'S and
determine why these people look
related: What is similar about their
faces?
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Sprtan 1 Basic Pattenns of Human Inberitance

Lartier m'm The inberitance of a tradl ower soveral generatsons can bo
Fetigien shown in & pedigree.

+ Genetic disoeders can be cased by dominan or recessive alleles

» Cysuic fibrosis i 3 genetic disorder that affects muoes and swea

SECTELHINS.

= Individisals with albimism do mor have melanin in their slin hair, and eves.

+ Huntingron's disease affecis the nervos sysiem.

» Achondroplisia sometimes is calied dwarfism

* Pedigrees ane used 1o study human inheritance parcerns

Secthon 2 Complex Patberns of inherfiance
acumpietn dossinante [ICER compiex inheritance of tralts does not follow inheritance
‘vedominaney patterns described by Mendel.
S . * Some trais are inherired through complex inheriance parterns, such
epbtain as incomplere doménance, codominance, and mubiple alleles:
T » Gender & derermined by X and ¥ cheomesomes. Some trales are bnked
mnﬂ 1o the X chomesome
P————— * Polygenkc trains Inwolve more than one pair of alleles.

* Both genes and environment influence an organism’s phenorype

» Smudies of Inhertance pamerns of brge Gmibe and rwins give insighe
ino complex beman inheritance,

Secton 3 Cheomosomes and Human

anylypE m Chromosomses Can be studied using karyolypes.
el * Karyotypes are micrographs of chromoscmes.
mmdispnclizn * Chromesanes terminate in a cap called a rebomere.
» MNondisjuncuion results in gameres with an abnormal member of
chromosormes.

» Down syndromse is 2 resuls of nondigjuncoion.
# Tests fior assessing the poscibiliy of genetic and chromosoenal
disarders are avallable.

Cop e G s R e
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Chapter* ]  Assessment

Secion1

Vocabulary Review
Lser mofarre o Eevsoen afour che sorabwlery terms from
nhe Snufy Goaide page o aoswe  the gUeEhHIE.

1. Which term describes 3 person who i heterozy
gous for a recessive disorder?

2. How is the mheritance parern berween parents
andl aifspring represented diagrammanicalivt

Understand Main ldeas

3. Which condmion is inherited 25 3 dominant allede:
A albindsm
B. cysuc fbross
C. Tay-Sachs disease
. Hunungron's disease
4. Which i= not 3 characversnic of 3 person with
cwvstic fibrosis!
A chlorde chanpe] defect
B. digeszive probdems
C. Bk of skin pigmem
D. recument lung infectons
Lz ehe ciagram hefow o answeer guestions 5 and &

5. Which dizorder could oot follow the inherrance
pattemn showrl
A cymic fibross
B. albintem
C. TaySachs disease
D. Hunumgron's disease

& [T How many affected males and females
are & the pedigrest
A 1 male, 2 females € 1 mabe 1 female
B. Zmales, § female DU 2 males, 2 fenules

Construcied Redponse

Lise che photo helou 1o answer guestion 7

7. Imagine that all animals have che same genstic
disonders thar fnemans hawve. What is the biclogi

ral nanse of the genetic disorder thar this dwarf
tree frog would have! Describe the inhenttance

partern of the genetic disomdes

8_ Predicy the genotypes of the children of 2 faher
with Huntingron's disease and an umaffecred
miathes.

Think Critically

9. Draw a conclusbon shour the relavionship of
chlonde ions 1w the excessvely thick muces in a
patiern. suffering from cystic fibnosis

Section 2 , —

Vocabilary Review
Reploce eact underfmed mord mech che correcr mocabo
by reves froen che Soudy Goide page

10. Codeminance is an mhericance pavemn inowhich
the heteroeygous genotype resulis in an mcerme
diare phenotype beoween the dominane and
recesxive phenotype

11. A chaacterisiic thar has more than one pair of
possible traits s said 1o be aln) epistasis

12. Genes fpund on the sex chromosomes are 5200t

aced with puliple alleles

Chaplar 1+ Assicimint X7

Chapter f.‘i-

Assessment

Section 1
Vocabulary Review

1. carrier
2. pedigres

Understand Main Ideas
3.0
4. C
ED
6.E

Constructed Response
T. achondroplasia, a dominani disorder
caused by a mutation
B. Because Huntington's i a rane
dizorder, the male is likely Od; the
children each have a 50 percent
chance of baing Od and a 50 percent
chance of being dd.
Think Critically

8. Because chioride cannot leave the

cell, water does not follow, so the
macus is thicker than nommal

Section 2
Vocabulary Review

10. incomplete dominance
M. podygenic trait
12, sex-lnked tradis

Chapter 1 = Assecsment 2T



Understand Main Ideas
13. A
4.8
15.C

Constructed Response
16. The recessive alizies on the E gene
for no pagment can hide the dominant
aliele on the B gene for dark
papmENL.

Ho, this is an X chromosome sex-
linked trait and males only receive
one X chromasome

17

phenotypes showing continuous

wariation, that is small differences

between each phenotype

Think Critically

8. Humans have small families, long
generation tme, and cannot be
studied i controlied expenments for
ethical reasons.

20. There is a fairly large genetic
component to the brait.

Section 3

Vocabulary Review

1. telomers

22. nondisjunction

23. karyolype

Understand Main |ldeas

24, B

25.C

26. C

28 Chapter 1 = Assessment

o
Chapter * ] Assessment

Understand Main |deas

13. Whar decermines gender i hamans?
A the X and ¥ chromosomes
B. chromozome 21
C. codominance
0. episasis

14, [T wWhich rwo terms best describe the
imhernance of neman blood rypes!
A, incomplere dommance and codanminance
B. codaminance and muhiple alleles
C. incomplers dominance and mulple dleles
D, codominance and episasis

Lise e plboros below i arsuer grestion 15

| THEME FOLUS Divaracty In radishes, color s

comtralled by incomplese dominance. The fgure
abowe shows the phenotype for each color. What
phenooypic ravios would you expect foom cnoss-

mg rwo heteroavgous plangs:

Consimuched Response

16, Short Answer How does episiasis explain the
differences in coat color in Labrador perrievers:

17. Short Answer Explain whether a male could be
beteroxygous for red-green oolor blindness

18. Short Answer ‘Whar rypes of phenorypes would
one look for if 2 phenotype were 3 result of poly
genic inheritance!

Think Critically

19. Evaluate why it might be dafficult 1o pedorm
genetic anabysis m humans

28 Chagbsi 1+ Auimel

20. Summarize the meaning of the following mio
matkn regarding mrate nbermance: Far a cemain
tratt, idenrical vwins have a concordanee e of
4 percent and Favernal rwins have a e of kess
than five percent.

, —

Vacabulary Review
idenify che vorshulary term frome the Snudy Gualde page
describesd by sach definrion.

Section 3

21 the protective ends of the chromosome

22_ an emor thar ooowrs during cell division

23. a micrograph of smimed chromosomes
Understand Main [deas

24. m Whan could explain a buman karvo-
type showing 47 chromosomes!
A, mOoncsoamy C coclomimance
B. misomy 0. domizant craits

5. Why does nondsjuencrion ooour?
A, Cyrokinesis does not ocour properly
B. The nuclsol do not disappear.
C. The sisver chromacids do not separae
D. The chromosomes do not condense propery

Lise e phote befow oo oesmer question 26

28, Whar disceder can be identified in the karyooype?

A Turmer's syndrome

B. Klmefelters syndrome

C. Down syndmome

0. The karyorype shows oo disorder

FELY b Frmmi b
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a
Chapter 1 Assessment

77 Which staremem concerning telomenes i not tnoed . o
A. They are found on the ends of chromasomes | Summative Assessment |
B. They consis of [NA and sugars , Constructed HHPUI'IH
€. They protect chromosomes 34, CITA(ETE Gove 2 specific exampie of an 28. Both amniocentesis and chronic villus
D. They are invalved with aging mherntable mraie thar does noc ioflow Mendel's I S L s .
bws of mbenance. Apply Mendels laws sampli - Sl :,_I'.I_.a._ R
Constructed Response thar tram, and infer bow the resulting geno- 29. distinctive facial features, short
Liar the phote belomw o anseser guession 25, rypes and phenorypes swould be different from stature, heart defects, menta
what acnally exists. dizahility
35. Describe bow hemaphila s mbenved 30. Mot having normal number of
36 Describe the Guse of Down syndnome. chromosomes causes serious
37, CENEETTTE Biology wwrire 2 scenario disornders.
fior ome of the genetic disorders described in el i
Tabis 2. Then creane a pedigree (lusracing the Think E"'ﬂﬂﬂ'!"
W 3. Answer may vany, but may include

protection of the chromosomes

“ Document-Based Questions
Anseer the questhons below concerrmg rhe effect of
PERrTTRRETT on pheTe

during cedl division and against
celliflar enzymes
31, Because females normally inactivate

A R 2 T e e T A one X chromosome, a female with
Turner Syndrome only has one X
chromosome, which has the allsle for

_

L cobor blindness.
33. Mustrations should show
nondisjunction during meiosis

28. Describe a fetal test thar results in the karyorype
chowm above

29 Whar charactersncs are associared with Down

Hverage wing lesgth (mm)

Tdmane
e Msie Summative Assessment
30, Most cases of crisomy and moncsamy | hamans - -
are faal Why mighr this be? | 34. Possible answer: The ABD blood
female group is an example of multipls
TSy L] glleles and codomanance, not two
§ Myl mhy iy peed e S e e e T AT alletes, one of which is dominant over
. 32. Explain why a girl who has Tumer's syndrome Erironmeatal temperaturs the other | the ABO blood growp
3 has red-green color bindness even though boch during develnpmens [*(] ol AT e s il
- B ! 1 LN > 1 =, =k
Z of her parenas have nonmal vision. 38 Ar whach length th )
5 : ; 2 ey r, it R e b only be two alleles {such as A and B)
i 33, Mhastrate wha mght have oocurred w resubh in b _ N P o
. R + the Elkeai = resulting in 3 genotypes (A&, AB, BE)
i an exira chromosome i the foliowang example: 39, k male or female wing bengrh moce mdluenced
7 A iechrician s corstrecting 2 kanyooype om by temperamure! Explain and 2 phenotypes (type A blood, type
3 le fewl cells The technician dicowers tha inod). Since the inheritance of
i :II: rﬂli:l;:'eiwlt::: :.J:r':nmml-:‘n:r i 0. ‘Whar i the relationship berwesn temperame B biood). Since the inhesitance o
2 EE i and wing lengrh for all fhes? blood type is compdex, there are

3 alleles, § genotypes, and
4 phenotypes.
Chapter 1 » Assesonent I8 35. Hemophilia & inhented as a sex-

linked recessive trait
36. nondisjunction

Document-Based Questions 37, The scenarie and pedigres should
Hamiy, B H 1596 Gonebis. Jnemad of Excovinain) Tosingy 55 353-375 demanstrate an understanding of the
. chasen disorder
38. 3°C

38, Males, they have a larger average wing length at
31°C than female

40. A= temperature sncreases during d
wing length increases

Chapter 1= Bscessment 29



Standardized Test
Practice

Multiple Choice Aligned with
PISA

1.C 5D 9.0

F 6. B

3B TC

4.8 8.8
Short Answer

.ﬂ.ﬁgrlld with PISA & SAT
10. This Punneti square shows the

cutcome of the cioss.

¥ ¥
¥ L) ¥¥
¥ ¥y ¥¥

1. Homozygous plamts make up S0% of
the total. The plants with yy genofype
are homozygous

12

The onset of Huntington's disease is
ater than the age at which most
e have children. 5o, although it

i a fatad disease, it might not appear
until after people have already

13. When the cell oycle is dsrupted. the
amount of time spent in mitosis
mereases. Cefis divide uncontrollably,
and the resulting cancer cells
accumulate to form a tumor.

4. The following steps are possibie, but
a student might answer in fewer
steps by combining one or more of
these listed.

A During cell division m meiosis I, the
seter chromatids start to separate.

B. The sepamation is not equal,
causing a nondisjunction, m which
one gamete gets ;

axira

chromosome

This gamete, with an extra

chromosome in either the egg or

=perm, is invedved in ferhilization

0. The resulting embryo has three
chromosomes in place of one of its

[}

CINEMICSTIE Dadrs: 3 (Nsomy.

30 Chapler 1= Assessment

Standardized Test Practice

Cumulative

Muitiple Choice Aligned with PISA

1. 'Which as afierved when a cell has a low
surface-ares io-voliame raemn
A the ahiliny of oxygen 1o diffuse i the cefl
B the amount of energy produced nthe cedl
C. the diffusion of proteins through the cells
D. the race of protein syrehesis 1o the cell

Lise che dingram bk o anaser guestions 2 a0 4

2

vy "

LY

2. Which labeled strciures represem 3 homalogous |

A_ I and 2
1 and 4
C Jand &
Tand 8

. Which parts of the chromosomes shown could
appear wogether in 2 gamere of this organism!
A land 2
B 3and &

C 3and 7
0. 5and &

4. [f the dagram shows all the chnomosnmes from 2
bty cedl, howe many cheomosomes would be ina
gamete of this organtem ar the end of melosis 2
A3
B &

_ %
D1z

5. Which represents a polyploid organ=m?
A 1/2m
B 1lll'Za
C 2n
D.3n

30 Chapbai 1+ Assetamarnd

Lise rhe pecligres heloo 10 @asier questions & and 7

1 |:1.——{1

a b B0
& 1 2 1

& Which person could develop sympeoms of the
diseaze thar i wracked m: the pedigres
A [T

51

02

Hlz

Enm

7. According 1o the pedigree, who i 2 carmier and

cannoa have children wirh the diseaze?
A LI
B. o
L. 03
. HI

8. Which conditien woald rrigger mimsis:
Cells nowch each ocher.

Cyclin bualds up

Erviroomsental condirions are poor
Groserh factors are absern

EREp

9. Shivering when yow are cold ratses your
body temperature. This is' an example of
which chacrerisic of l52
A_ Your body adapes over time
B. Your body grows and develops.
€. Your body has one or more cells
. Your body maineaing bomeostais

[Fe T
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Short Answer
10 In pea plans, yellow seed oodor s the dominam
tram, and green seed color is the recessive train
U= 2 Punnete squarne w show the renules of 2
cross betwern a hereroryvgous yellow-seed planc

and 2 green-seed plam.

11. Based on your Punpett square froms question 10,
whan percentage of the offspring would have a
homoeygous genoavps? Explain your answer

12 Berapss Humningnon dissase is 2 dominan genetic
disoeder, it maght seem thar & would be selered oux
of 2 populaion narurally Wrine a bypothests chae
stares winy the disease comvimees 1o oocor

13, Explain how a cancerous mmor resulbrs from a dis:

ruprion of the cell cycle

14. Wiir= 0 rvfer che e chae /o oocur for osll
iR o PESIUE A an CEEis v Ty

15. Which function i metabalism ts performed by
bemh the thylkold membrane and the mizachon
driad membmne! Give 2 reason why this funcrion
migin or might nog be important

16. Suppess pao pareres have 2 mild form of 2 generic
disease, e cheir child is bom wath a very svere
form of the sme disexse. Whar kind of inberitance
pattern: took: place e chis disrased

17 Describe an example of each of the following:
species diversiny, genetic diversiny, and ecosysoem
Ensermry

Extendid Response
Aligned with PISA & SAT

: Use che digram belse o aosimer question T4,

Pyruyate
(o glycolptis]

18, Idencify the cpcle in the fgure and sammarnire che

steps of the cycle

19. Describe the funcoon of microrabules, and predice
whar might happen if oells did NOT have
microrubules.

Essay Question Aligned

with PISA & SAT

either purple Bowers or whise Sowers. One fower
coldor wrair is domsinant, and the ocher s recessive:

Listmg e informarion m rhe parograph abooe, aroer the
[odinurmy quesion in essny formar

T 20. Explain whar crosses Mendel would buve

performed o determine which colior is the
dominant orai.

Chapber 1+ Asesomont 3

18, Microtubutes provide structurad support and are

imvolved m transportation within a cell. They also
hedp separate chromosomes in mitosis. Cells
without microtubules might have decreased
ahdlity to transport materials or perform mitosis.

Essay Question
Aligned with PISA & SAT

20. Mendel would have had to cross while and

purple plants, then cross thedr offspring as well.
Because sither white ar purpls is recessive, it is
possible to see which trait is least prevalent
the offspring of a cross of two heterozygous
plants. The recessive trait would be least likely to
showe up in such a cross. Essay responses showld
explain these possitde outcomes in detad to
make diear how the recassive and dominant trai
would be obvious.

15.

-

17

Elactron transport i performed by
both membranes. That fact might be
important because it could give
eyidence for similarities of structure
ar ongin. On the other hand, the fact
that the two membranes perform the
same functicn might be coincidental,
The simplest explanation is that the
dizease is due to moomplete
dominance of 3 pair of alleles. For
example, the disease might be
caused by a recessive gene b that is
partially expressed in the presence of
the dominant gene H. The genotypes
of the parents would be Hh, gving
them a mild form of the disease. The
genotype of the chald would be i,
giving the child 2 severe form of the
disease.

Examples can vary, but they should
demonstrate an understanding of
how the three kinds of diversity are
different. For example: species
diversity: in {ropical rainforest region,
there are a vasiety of populations of
bird=, Bowering plants, afc;

genetic diversity: among the crows in
a populatson, there are genes for
different kind of coloraticn;
ecosystem diversity: as you mave
arourd Earth, you can find different
types of ecosystems supporting
different populations of fiving things

Extended Response
Aligned with PISA & SAT

The dizgram represents the Krebs
cycle or tricarbaxyfic acid oycle.
Pymuvate is comeerted to acetyl Codl,
releasing C0; and NADH. Acety! Cod
joins with a 4-carbon compound to
form citric acid. Citric acd is further
processed, releasing CO,, MADH, and
FADH;. and producing ATP. Citric acid
iz eventually converied back to a
4-carbon compound which joins the
next acetyl group.

Chapter 1= Sscessment 31



Who discovered DNA?

Est. Time 20 min

Safety Precaution Discuss the
safety concerns of this lab before
work begins.

Teaching Strategies

* Have students work in small
ETOUPS OF pairs.

» Lize the information and dates
from student reparts to prepare
a class time line that can be dis
plaved in the classroom

Procedure

1. Identify the safety concerns of
this lab before work begins

2. Work in groups of 34 to iden
tify scientists and experiments
that made important contribu
tions to the understanding of
genetics and DNA

3. Preview the chapter in this
texthook.

4. Make a time line showing
when each impomnant discovery
mentioned in the text was
made.

Analysis

1. Compare and contrast your
group's time line with the
other time lines in the class.
Answers will vary, time lines shouwild

be simia cause all students used

the =a

THE: SOLECE.

2. Infer how the results of the
past experiments are important
for each scientist that follows.
Answers will vary, but students
should see that each scientist's work
is dependent upon the work of other
scientists

32 Chapler 2 = Moleculas Genetics

OLDABLES

Make » two-1ah book
using e labels shown.
Lise it 1o oeganize your
noles about ranscrip-
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Introduce the Chapter

Codes

ASK STUDENTS: Did you ever
ger a message from a friend char
was in code =5 | like
say yei. How did you figure out
what the message said

serves as a code.
TELL STUDENTS: Like o secret

. code, DNA alse involves the
match of a code with a key, and
the translation of the code
results in something useful

BIG (Idea

Outline Have students outline the
chapter, writing lirst the Big ldea,
then the Main Ideas and paragraph

THEME FOCUS scicntitic nguiry Section 1 - DNA: The Genetic Material
The discovery of the structure of DNA dramatically Lo
i § the field of biclogy. Section £ « Replication of DMA
Section 3 - DMA, RNA, and Protein
DA is e genctic madenal Bhat comiaing & oode

for proteins. Section 4 - Gene Regulation
and Mutaticn

THEMES

Sclentific Inquiry Many experiments led to the discovery of DMA as the
genetic code.

Diversity Mutations in DMA provide the possibility of extensive variation.
Energy Replication of DNA requires energy, as do all biosynthetic actions.
Homeostasis Mistakes within DNA are usually fixed before replication ocours.
Change Mutations within DNA can be passed on to future generations.

Chapter 2 « Molecudar Genstics 33



m Genes and Traits

ASK STUDENTS: What features
do human beings share! Anzwers
maght inclsde o kegs, two arms, two
ayes, and general body shape. Whar
features are different among peo-
ple? fnswers might include eye color, hair
codor, particular shapes of features like
nase and fips. Tell students that this
chapter will begin 1o explain the
malecular basis of what makes each

E Reading Strategy

(BL | Sequence Have
students read abour the exper-
ments described in the text under
the heading Discovery of the Genetic
Material. Have them write a
sequence of the experiments that
led to the discovery of DNA on

3" x 5" cards, with the names of
the people involved and a brief

summary of what each experi-
ment demonstrated.

Develop Concepts
AN Activity Have students

begin collecting pictures of DNA
and chromosomes in magazine and

newspaper articles about genes to
prepare a bulletin board on DNA

34 Chapler 2 = Maleculas Genelics

Section1 |\

Essential Guestions

¥ Which experiments led o the
discovery of DA as the genetic
makeral?

b Wihat is the hasic diructure of DeA?

¥ Wihat is The hasic struchure of
sukanyolic chromosomes?

Review Vocabulary

mucelk add comples Biosoleosde that
hores oefluiar informagion in the form of
u onoe

New Vocabulary
couble hisix
AL s

DNA: The Genetic Material

[TTTEIE the discowery that DN s the genetic code invalved
‘mamy experiments.

Real-Workd Reading Link Do you ke 10 ead mysiery novels or walch people on
pirstuon sobve comes? Detectives search: for dues s will help them soke the
mystery. Goneacists ane detecie: jooiing for chees in Sw mystery of nhertance.

Discovery of the Genetic Material

Once Mendels work was rediscovered i the 1900, scientists began
to search for the molecule involeed tn mheritance. Scientists knew
thar gemevic infonmation was camied on the chimmosomes in eukary-
otic cells, and thae the rwo main components of chromesomes are
DA and peotein. For many years, scientists tried oo detemmine which

af these macromolecules-nucleic acud {DNA) or protems-—was the
source of genetic infommacion.

Griffith The firm major experiment that led to the discovery of DRA
1 the genetic material was performed by Fredenick Griffich im 1928
Griffith sudied vwo stmins of the bacteria

which causes poeumonia. He found thar one strain could be rrans
forme=d, or changed, ieo the other forme

Of the vwo strains he stsded, ooe had a sugar coat and one did
nen. Both strains are showm in Figuss & The coated soran causes pnew-
maoaia and 5 called the smooth (5) strain. The nosooeted siradn does
nat cause preumonia and is called the rough (K} strain becanse, with-
o the com. the hacteria colonies have ough edges.

Follow Griffirh’s siudly described in Figune 2. Nouioe the: live § celis
killed the mowse i the study, The Ive R cells did noc kill the morss, and
the killed 5 cells did not kill the mouse. However, when Griffith made a
mitxrure of fve R cells and killed 5 cells and imeoted che mixoome ineo a
mmeee, the mouse died. Grffnh isclated live bacieria from the dead
mouze. When these olaed bacyena were cubmred, the smooch i was
visible, suggesting thar a dsease-causng facvor was passed from the
killed 5 bacteria to the live B bactena Griffich conchided tha there had
been a tmmsiommarnion from live B bacvenia wo bve 5 bacvenia. This expen
ment set the stage for the search w identify the tmnsfonming subsance:

LM lacrrirsacs e
= LA ' Ml B

& F f‘ 1

M Mg 00 X

= Figure 1 The smosth (5) ein ol

5 Al i AL thauagh
v ity B GBI AOE RSt Cacking. Th
slvas Card D lemiied by (e sppeadande of
W LR

Srioeth Srain—5. BASLEISIEE
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Research Citation

Critical Thinking Educational
research indicates that students should
be challenged to think critically about
the material they are reading. The Criti-
cal Thinking discussion on p. 327 will
help them to develop the valuable skills
of identifying similarities and differences
between ideas. (Ross, 1987)
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Avery In 1944, Oowald Avery and hex colleagoes deneified the mole-
cule tha tmnsfwmed the B strain of bacteria into the S straim. Avery so-
lated differern macromolecules, much as DNA, proreins, and lipads, from
killed & cefls. Then he exposed lve R cells to the macromolecules sepa-
raicdy. When the bve B oells were exposed to the S stram DINA, they
werne trnsirmed o 5 cells. Awvery conchsded that when the £ cells in
Griffith’s experiments were killed, DA was refeased. Some of the R bac-
teria moorporaced this DMA imto their cells, and this changed the bacte-
ria mbo § cells. Avery's conchsions were not widely accepred by the
sciemmific commumaty, and many biclogists contmmeed m guestion and
experiment o determine whether proteins or DA were nesponsible for
the transfer of genetic materizl

.B'nmu‘m Explain haw Svery discavered the (rasforming Ssclor

Hershey and Chase In 1952 Alfred Hershey and Martha Chase puh-
lished resubs of experiments that provided definitive evidence that
DA was the ransformng factor. These expenments imeolved a bac
teraphage {bak TEHR ee uh fayfl a cype of verus that artacks bacreria
Two components made the experiment ideal for confirming thar DA
= the generic materizl. First the bacteriophage used im the expen-
ment was made of DMNA and protein. Second, vimsss canmot replicate
themselves. They must inject their genetic material mto a Iving cell
to reprochece. Hershey and Chase labeled both pans of the wins o
determine which part was injected 1mo the bantenia and, thes, whach
part was the genetic mavertal

[]

ncted
Tetpather
vk FsE

. _‘J
Np——

Fearis (s

= Faguera 2 Goifih'y paralonmaien
AT CRTHINA B Chusige of s2ugh
B D TR S B DT

Explain why GelfFLh ¢ amcligied nire
o baen o change e fue B B

1o v 5 beretavia

! VOCABULARY...........
ACADESIC VOCASULARY
: Transform

0 cartse a change in rvpe or kind

Amery weed DA 8o prassfnm booeria ,
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Content Background "

Teacher FYl According to |. Watson, one of the scientists who discovered the struc
ture of DNA, the race to find the genetic material was split into two groups: those who
thought the genetic material was protein and those who thought the genetic material
was DMNA. One of the main protein proponents was Nobel Prize-winning chemist Limus
Pauling. Watson's background in virology made him well aware of the Hershey-Chase
experiment, which helped convince him that the genetic material was DNA

E Skill Practice

(BL |OL] AL

Recognize Cause and Effect
ASK STUDENTS: What type

of bacteria caused the mouse in
Figure 2D to die? zmooth bacteria
come from? The bacteria were con-
verted by a transforming substance from
a rough to a smooth form of bacteria,
which killed the mouse.

mm Support

EAIM™ Creative Writing

Have students write a poem, story,
or play about the Griffith experi-
ment. Tell them that their creative
work should demonstrate an
understanding of the scientific pro-
cess and the methods of the
Griffith experiment.

E Critical Thinking

WM pifferentiate

ASK STUDENTS: How did
Avery’s experiment differ from
Griffith’s experimemnt? Griffith found
that one strain of bacteria could be
transformed o another and conclsded
that & transforming factor was imvolved.
fwery tested io see which molecule
changed the R stram into the 5 strain of
bactenia. He found that DMA was the
transtorming modecule.

= Caption Question Fg. 2 The
mouse died.

e' Reading Check When Avery
exposed five R strain bacteria to

DM from killed 5 strain bacteria,
the R cells were transformed 1o
Scells.

Section 1= DHA: The Genetic Material 35



H Critical Thinking

AN M conclude

ASK STUDENTS: What was che
labeled sulfur and phosphorus?
Thiss allowed the experimenters to track
what happened to the protein, which was
labeded with radioactive sulfur. and the
DA, which was lgbeled with radivactive
phosphorus, threughout the expenment.

m Develop Concepts

(BL |

Activity Organire students into
groups of three or four and have
them make a comic-style camoon
about the Hershey-Chase experi-
ment. Text bubbles should contain
conversations that explain the
experimental procedure of radioac-
tive labeling to trace molecules.
Students can draw their final ver-
sion of the cartoon in color on
poster board or large sheets of
paper. Hang cartoons around the
classroom for other groups to

EXamine.

6% Check It showed that
the genstic matenal m the form of
DMA, mot proteins. had entered
the bacteria.

Group 1 Groawp 2
Vinrees ane grow in VBNt ane I medium
reedim concnng <P

labed DHA Ol I
with = Pt |abs il

L
fy Ty

E. colt and winuses are placed
nopeiser into ligud culiue

gl
! |

ﬁ The it is agitatod ’

1o dskdge e vinses

E from the bachera,

| |

e bacera e wparaied
Ve 8 hom the ligud containing Bactenal
proins =, thevinaes ‘Ltdb
. Falivartise

e
telk

Most B is in the bactenal oo le Mest ™5 k i the liguid
with the viral proieins

= Flgura B Herchoy ans Mace uced iadicadive Rieling
i PR 15 ety Sa Thal DRAL & e el aberial o
OESTY

Liguid with Virsses

= Loberbond virad DMA{P P found | = No laboled DA

cemiaining 5 1 bitel proten,

| Radieactive labeling Hershey znd Chase used a

! technigue called radioactive labeling o trace the

| fate of the DMA and protein as the bacteriophages
| infected hacteria and reproduced. Follow along in

| Figurs 3 a5 you continoe learnimg about the
Hershey-Chase experiment. They labeled one set of
! bacteriophages with radivactive phosphomus (<P)

i Proveins do not contain phosphoroos, so DSA and

| mot provein in these wiruses would be radwactive.

| Hershey and Chase labeled another set of haoterio-
; phapes with radinactive sulfur (*%5). Because prateins
i comain sulfur and DA does not., proceins and not
. DNA would be radioactive

Hershey and Chase infecied bactera with vinuses

i from the rwo groups. When vimses infect bacreria,

i they atrach o the omside of the bactenia and inject

i thetr gemetic material. The infected bactera then

| were separated from the vimses,

i Trackimg DMA Hershey and Chase exammed Group §

. hbeled with P and found that the hbsled viral Diva

i had been mjecied imo the bactena. Viruses leer released
i from the inferted harteris comained . further indicae
ing thar DA was. the carmier of genetic mbrmation.

When examining Group 2 labelsd with %55,

:  Hevshey and Chase observed that the Bbeled proteins
i were found outside of the baceerial cells. Vimal replica-
i vion had acrurred m the bacterial cells, mdicating

i rhat the vinses' genetic material had envered the bac-
iz, but no kel (755) was found. Tabls 1 summarizes
i the resulis of the Hershey Chase expenment.

Pased on their resulis, Hershey and Chase cone

 cluded that the wiral DA was imjected imo the cell
i and prowided the genetc mformation needed to pro-
i duce new viruses. This experimsent provided power-
| ful evidence that DA, not progem, was the genetic
| material that could be passed from generaiion o gen-
| eTation in wiruses

-’Jhl-m Expiain why it is impariant that new

wiruses wire produced in e bacteria.

Group 2 (Visuses Dbabed vy Mgy

Intecied Baciera Lbeputiedl ity Vieuses:

= Mo keboled viral proteins %5 = Labeled probeins foand

In the bacieria = No wviral replecation: = Vi replicaSion Donumid = o wira reploaton
= Wil replication cooured = Kew wirises did not hase
= New wiruses contained 2P ulsbal
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After the Hershey-Chage experiment, sciemtiss were
maore confident chat DMA was the genetic maerial. The
ches had led to the identification of the genetic mate-
mial, bt the questions of how nuclestdes came
wogether o form D%A and how DA conld comsmums-
care information remaimed.

Mudleotides Inthe 19205, the binchemis P A Levens
determined the hasic strocture of meclesotdes thae
make up DA Mucleotides are the subunits of mucleic
acids and consist of a five-carbon sugar. 2 phosphace
group, and a nrrogenous base. The two micksic acids
foandd in liwing cells are D3&A and RNA. DNA muclen-
uides contain the sugar deaxyribose {dee ahk sih RI
bom) 2 phosphate, and one of four microgenous baxes
adenine (& duh neen), guanine (GWAH neen), cytosine
&l wh seen), ar thymine (THE meen) BNA mucleotides
ronzain the sugar nbose, 2 phosphate, and one of four
nitrogenous bases adenine, guanine, cytosine, or amoil
(YOO rub sthil. Mocce o Figues & thar guamne (G) and
adenine [A) are double-ringed bases. This type af base
is called 3 purine base. Thymine {T}, cytosne {CL and
uracil (L) are single-ninged bases called pyrimidine
bases.

Chargaff Erwin Chargaff analyred the amoont of ade-
e, granme, thymine, and cytosine o the DA of var-
s species. A& portion of Chargalfs data, published in
1950, iz shown in Figue 5. Chargff found thar the
amount of guanine nearky equals the amount of cyto-
sime=, and the amount of ademne neardy equals the
amount of thymine within a speces. This finding is
koown as Chagaffs nile: C = Gand T = A

The stmecture question When four scientsts joamed
the search for the DNA strsomre, the mesning and
imporance of Chargafs data became clear. Rosalind
Franklin, & British chemast; Maurice Wilkins, a British
plrvsicist; Francis Crick, a British physicist; and | Waesom,
an American hiclogist, provided information that was
pivoral in answenng the DA strocture question

lemldInlluu

¢ & &

e T}
ET.H:.NH

Gagning | Cytosine 1) .

Uracil (U}
IRaLs anlyt

s e ol

« Figura & i

Lagar’ and &
Dage. Trara e B Sferam Dores doerd i e leomos wdiens Tl
i ok up DA and RIA
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2 peyriesiing hetes.
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Chargatf's Data

Base Cosmposiben (Hoke Peroent)

Activity *

[ N M Model DNA Have pairs of students make a candy model of DNA with

three types of candies. One tvpe of candy can represent the deoxyribose; another can

represent phosphate groups. Small candies, such as jelly beans in four different colors,

can represent A T, C, or G. Have students attach their model to construction paper
using glue and write a key to their candy representations. Est. time: 30 min

E Skill Practice

CAEN M visual Literacy
Belore students read the text under
the heading Muclentides, have them
examine Figure 5 and see if they
can determine any type of ratio
relationship among the base
amounts found by Chargaff. The
amount of guanne almost equals the
amount of cytosine, and thymine almost
equals adenine.

A5SK STUDENTS: Wﬁg are the
percentages mot exactly the

same! =xparimental error

E Develop Concepts

(BL |OL] AL
Activity Organize students into
groups of three, and give each
group 20 sirips of paper of four
distinct colors, such as red, green,
vellow, and blue. Have them write
T on one color, G on one color, A
on one color, and C on one color
Ask them to tape the strips end to
end in any order they wish. See if
any group came up with the same
sequence. which s unlikely. Point
out that these represent nucleotide
units, the building blocks of DA,
making a polymer. This activity
emphasizes the wide variety of
coding that is possible. even using
only 20 nucleotides.

ASK STUDENTS: How many pos-
sible combinations can the 20 col-
ored strips form? The pozzible
combination:s of 4 colors, 20 strips long is
0o 2 W07 Use this activity o
demonstrate the wide variery of
proteins that can be synthesized
from a short DNA sequence.

= Caption Question Fig. 4 Purine
bases hawve twa rngs, and pyrimidine
bases hawe one ring.

Section 1 = DHA: The Genetic Material 3T



Writing Support

(BL | OL]

Creative Writing Organize stu-
dents into groups of three, and
have groups develop a poster
about DMA_ Poster topics may
focus on such elements as the dis-
covery of the structure of DNA in
1953, a biography of a key scientist
and his or her contributions, or
the importance of DNA to
modern genetics, medicine, and
biotechnology.

BAssess Content Development
Bssess henw widerstanding has
developed when students revisit the
Lawnch Lab analysis guestions.

El Develop Conc

TN T8 [T Activity .

the sequence of a strand of nucleo-
tide bases on the board indicating
the 3" and 5" ends. Have students
write the complementary sirand o
go with this coding strand. Write
the correct strand on the board
aligned with the coding strand.

C pairs with G and T pairs with A

Reading Check Chargraff's data
hinted that bases werne specifically
paired.

38 Chapler 2 = Maleculas Ganelics

" Merary diffraction Wilkins was working at King’s College in London,
England, wath a technique called Xray diffaction, a eechoigoe tha

- irnvolved aiming X rays at the DNA molecule. In 951, Fankin jomed the

I swaif m King's College. There she took the now fmous Photo %1 and col-
leoned dara evernmually used by Watson and Crick. Phovo 51, showm in
Figurs &, mibcaed that DNA was a double helix, or vwisted hdder shape,

- fommoed by two strands of mxcleotides paisted armend each other. The spe-
cific structure of the DN double heliv was deermined Ener by Warson
ame Crick when they used Pankbn's dara and orher machemonical data

© DA is the genetic material of 31l oganisme, composed of two complemen-
tary, preciscly paired srands of nodeotides wound in a double belic,

. Watson and Crick Watson and Crick wene working at Cambridge

. Untversity in Cambridge. England, when they sow Frankln's Xoray dif-
fraction picture. Using Chargafs daza and Frankln's dara, Watson and
Crick measured the width of the helix and the spacing of the bases.

* Figura & Roissen Framde's Pate 51 and Together, they buih a model of the double helix that conformed 1o the
ey T e S P et W 2l i nthers’ research. The model that they buile is shown in Figums 7. Some
solve T rucies of DAE Whien anaiyed ang i fea 2
o iy i mportant features of their proposed molecule include the Dllowing:
TGHACIE LT &F Bk T LTLisa. : L Two ourside strands consist of alvemacing deoxynibose and phosplate.
2 Cytosine and guamine bases pair to each orher by three hydrogen
bonds

1. Thymmne and adenine: haxes pair to each other by two bydeogen bonds,

DMA structure DNA often ix compared to 2 twisted Ladder, with the
rails of the bdder represenmed by the alkernating decocyribose and phos:
phate The pairs of bases (cybnsine-guamnine or thymine-adenine) form
the steps, or rungs, of the ladder A purine base shways binds to a pyrimi-
diine base, ensuming a consistens distance between the two mils of the
ladder. This proposed honding of the bases also explains Chargaffs data,
Biviewr s o whiel yoeve raad heirt the which suggested thae the number of purine bases egualed che number
bty of DHA exer et b mould you - of pyrimicline bases in a sample of DNA. Remember, cynosine and thy
ricew artiowedt Ui anihyds gucSonis? :  mime are pyTimadime bases, adenme and guanine are purines, and C = G
: and A =T Therefone, C + T = G 4+ A, or purine hases egual pyromidime
bases. Complementary base patring 15 used o describe the precise pair
ing of purine and pyrimidine hases betwesn smands of mucleic acids Ik is
the characweristc of INA replicarion throagh whach the parent strand
- can determine the sequence of 2 new stramd.

Reading Chack  Explain wiy Chargeff's dets was an important clue for
pesiling bogether the siruciune of DA

© Fgure T ldsg Crasgails aed Frams's sama
Whatcoin arll Dok, shomn P, sodead tha puc e of
e sy o DA

3R Chaphis 2 & Mok Cudi Ganatiic

Double Hellx Construct a DNA model] thar demonstrates the double helix. Link two
chains of ten paper clips together, alternating small and large paper clips (phosphate =
small paper clip. deoxyribose = large paper clip). Insert the ends of each strand of clips
into a 4-cm X 8-cm polystyrene block, about 5 cm apart. Insert the other ends of the
strands into a similar polystyrene block. Use four different colors of either twist ties or
colored pipe cleaners to represent the bases and connect the two strands across at the
large paper clips. Hold the structure up and twist one of the blocks to demonstrate the
double helix. Est. time: 10 min
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5o = Fhgars B Two crasds of DMA g

PC'-‘E. e antiaraik Mk o e DA hoks
Expilaim wey Sai arcki off Bhi DA
strorts are habaled 3" oed 5.
|1
o
_Q "
:h-—-""‘ o8, T Y
3 5
Orientation Another unague feature of the DNA molecule s the direc- |
e, ar orientation, of the teo srands. Carksn - molecules can be mam- i
bered in organic malecules. Figurs 8 shows the onemtacion of the i
mumhered carbons in the sugar malecules on each sand of DNA On ! VOCABULARY -.

the top rail, the orientation of the sagar has che 57 {read “five-prime”)
carbon on che keft, and on the end of that rail, the ¥ read “theee i Prime

prime"} carbon is on the right of the sugar-phosphate chain. The strand | Schemor usage: 3 mark bocared

i= said o be orented 5 oo 5 The strand on the bottom numns in the shove and o the right of 3 charac
opposite dimection and is orented 3w 57 This onentaion of the two i e, used o demufy 3 vumber of
strands is called antiparaliel Another way 10 visalize amiparaliel orien: ;| variable

Eation i to take twn pencals and position them so that the poine of one | O mokruls in ogao mokors
pencil is next to the eraser of the ocher and vice versa are oo i Aaboded ush a proee. :

The announcement in F¥E3, Warson and Crick surprised the soen-

tific community by publishing a ane-page letter in the pumal Mocore
that suggested a strocture for DNA and bypothesized a method of rep-
licazion for the molecule deduced from the structure, b areecles indi
vidually published in the same issue, Wilkins and Franklin presented
evidence that supported the structure propased by Watson and Crick.
Siill, the mysteries of how m prove DNAS replication and how i :
worked a5 a geneic code remained. :

Commron usage: firss in vale,
excellence, or gualny
The srudenr framnd the prime sears

‘Wisat is the structune of the DNA molecule? Construct o moded to betier understand the streciure of the DS
maieruba

1. identity the satety comcanns of this tah befors work begens.

‘& Constnact o modol of a short segment of DMA using the materiais provided by your teaches

B |dentity which parts of the model correspand 1o the dfferent parts of & DRA mokcule

Analysis

1. Describe the structure of your DNA molecule.

& Mentilty tha charactenstics of DNA that you focused on when constrsciing your modsl

3. Inffer in what way your model s ditferes) from your dassmates” modeis. How toes this relate to
differences in DNA among organsms?

Sacthan 1+ OHA The Getedic Matadal 39
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= Caption Question Fig. 8 because
of the onantation of the carban atoms
in the sugar

Differentiated Instruction®

Struggling Learners Before beginning
the Minilab on this page, model each
step for Struggling learners. This rein-
forcement will reduce confusion.

Est. Time 30 min

Safety Precaution Discuss the
safety concerns of this lab before
Teaching Strategies

* Couple the model-building with
appropriate A/V materials on
DMNA, if available.

# Have each lab team show yvou
their finished model and explain
the structure of DMA to vow

* A time-saving alternative is to
buy one kit and conduct this lab
as a teacher-led demonstration

Analysis
1. H appears to have side rails with rungs

between them, and the rungs twist ke
a spiral saircase.

2. The sugar and phosphate groups rep-
resent the handrails; the bases repre-
sent the steps or nmgs.

3. The rungs in different models contain
a vanety of bases thai represent the
genetic code. With the exception of
identical twins or kriplets, each organ-
i=m has a unigue genetic code.

e —

; ” [ED Hawve students use

GHE EH items that would

hawve normally become trash to
build their models in MiniLab 1.
These ltems could inclede empty
cereal boxes, clean plastic
comtainers, paper towel rofls,
and scrap paper.

Section 1 = DHA: The Genetic Material 39




E Develop Con
LNy Cusonite

Clarify a Misconception

ASK STUDENTS: What is the
relationship among genes, DNA,
and chromosomes! Genes are
specific sequences of DINA in a chromo-
some, and they code fior a protesn. Some
students might have difficuloy
understanding the concepr of a

gene and a chromosome. They = Figure B DNA o arsund sicoee i form
might have  basic understnding | S e
of the idea of inheritance being munuuhmmmu

associated with a gene, bur might i
have difficulty understanding the
relationship between DMA and
genes and berween genes and
chromosomes.

Formative Assﬁmnnt.
Ewvaluation
ASK STUDENTS: Which experi-

. Chromosome Structure
i In prokaryowes, the D malecule = conined in the cyophsm and

consists madnhy of 2 ring of DNA and associzeed proveins. Eukaryotic
DA ds coganized mito indvidhal chromosomes. The length of 2 human
chmomosome ranges from 51 milbon eo 24% millon base pairs. 17 a DNA
strand 140 million macleotides long was laid ot in 2 stight line, &
winild be about five centimeters long. How does all of chis DA fic inmo
3 micrescopic celll In order to i imo the macleus of 2 eukaryonc oell,
the: DINA righely caoils 2round a group of beadbke procens called hase
rones, 25 shown in Figurs 8. The phosphate groops m DNA create a neg:
atrve charge, which sitracts the DNA io the positieely charged hisione

! proteins and forms 2 nuclessome. The mudeosomes then group
I together inbe chromuatin fibers. which supercoil to make up the DA
{ structune recognized as a chromosome.

Griffith and Avery experiments Wich

N

DNA enabled the replication of ¥ Geitlth's bactoril experiment and very’s 1 1. [ZITTKIE) Summarize the experiments of Grith and Avery st
: Expianaton first indicased that DA s the 3 indicated that DNA is 1he gengtic material
piruses? Hesshey and Chase experiment ganatic maieral. ! 2 Deseribehe det wed by Wasson and Crick o determing the sructure of
Which experiment demonstrated ¥ The Hershey Chaso speriment prowided— © DA,
the ratio of the nucleotides in :u.nlﬂﬂlﬂ.shgulb:mlhfnl ! 3. Dwawrand label a segment of DHA showing s hefx and complementary base
DINA? Chargaif experiment Which four o RN e
R - B Chargats nde siries hatin DA he amoon® & 4, Deseribe the structure of pukanyotic cheomosomes.
individuals were involved in solp- ol cyfosne equa the amoust of guanne s | ;
ing the structure of DINA? Watson, tho amoust of bymine oquats e amoort o | Thenk Critically i
Crick, Wikises, arel Frankin aderEne v 5. Deseoribe two chamomisiics thal DHA needs jo fliil s mle s 8 genebic E
' ¥ The swark of Watsan_ Crick, Frankin, and i pc s ]
Remediation - fistril Wilkins provaded evdenca of tha Evadsate Hesshey and Chase's derrsion 1o use reckoactive phosphonss and '
3} ﬂhmm = Souble- heli sructors of DA : suler for Their copenments. Could they have wsed cadion o aaygen indead 2
blank diagrams representing the v Wy orwhynot! :
experiments above. Have students i
label and explain each experiment.
e ———————————— - hngian W o Mearaior Kt
Section 1 Review <
L Grilfith showned that bacteria could be transformed by the tramsfer &. DHA coils aroond histones to form nucleosomes, which group
of genetic material; Avery showed that DNA was the transforming together to form chromatin fibers, which supercoil to make
factor. the chromosome.
2. Frankin’s Photo 51 showed a hefix shape. Her mathematical 5. DHA must code for proteins and be abde to replicate.
data showed distances between the strands. Chagraffs data 6. They used radioactve sulfur because sufur & found only in protesns,
suggested how bases pair and radioactive phosphorus becawse phosphonus is found only in
3. Drawings should show C =G and & =T base pairing and the DA, They could not have used carbon or oeygen because those
antiparaBel orientation of the strands. elements are found in both DNA and proteins.

"—
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Replication of DNA

Essential Questions
§ 'What is the role of enzymes in the
o D [TTRATEE] DM replicates by making a strand that is
repiication r h o i
¥ How are lcading and lagging strands b
synihasized dfenently? Real-Warid Reading Link When copes sre made using a pholocopy maching, tay
B How does DMA 1eplicsSon companz in oe expecied 10 be exact copses of the anginal. Making a copy would not be very
wukaryobes and wokanoies! etficient & it contsned emors that wese not i the orginal. Think shout how yooer body
might maie copies of DA
Review Vocabulary
templaber a mokecoe of D tha
s ps o . o e Semiconservative Replication
e
When Warson and Crick preseneed their model of DA o the scienoe
Mew Vocabulary community, they also suggesied 2 possible method of replication
spmuesnsenatve replesinn called semiconzsenative replication. During semiconservative repli-
DG pobmerass cation, parental srands of DA separate, seree as templates, and pro-
Okazak tragmens duce DA modeculbes chat have one strand of parental D3A and one

strand of pew DA Recall that DNA replication oocurs durmg imeer-
phase of mitoss and meiosis’ An osvenview of semiconservative replica-
tiom 1% in Figues 90. The process of ssmiconservarive replication ooours

in three main gages unmwinding, base pairing, and joming.

Unwinding DNA helicase, an enzyme, 1= responsible for umannding
and unzipping the double helix. When the double helix s unzipped,
the hydrogen bonds berween the bazes are broken, leaving single
strands of DINA. Then, protems called single-stranded binding proceins
associare with the DMA o keep the strands separate during replica-
tiom. As the helix unwinds, another encyme, RMA primase, adds a
shore segment of RMA, called an ENA promer, on each DNA strand.

Semiconservative Replication
Orlginal Farst replication Second replication
HOCCHX
FXLXSX
’.F ‘-F' JI" ‘_.n‘ ’i .:l_f E:;?:mmf;ﬂ;m

Farent sirard

JOGK

= Flgurs 10 in s nteivilivg (epicalos,

o e o DM (s 65 ol Liiwes ab M,’x

|Eiiates 12 Srtaduch Taed daugiice IIMA, which
s i i i 10 [

s DA JOGEX

Saction ¥ = Rephcaton of DHA 84

Differentiated Instruction

Gifted The SQ3R Reading Strategy on this page can be extended for students working
above grade level Develop open-ended questions that require students to think criti-
cally about the reading instead of just read for information. Sample question: What
might happen if DNA replication was not semiconservative? i one strand of DEA was
mod avallable 3= a template for making a new strand, as occurs dunng semiconsenative replication, many
iemods i fhe new DN cowsd ocour

Section 2
IMIAIN (i ez

W 8 T Making Copies
When Warson and Crick looked at

the structure of DMA, they said,

~. ... the specific pairing we have
postulated immediately suggests a
possible copying mechanism for
the genetic material ”

ASK STUDENTS: What pairing
the hydrogen bonds between the
nuclentides: sdenime to thymine and

guanine fo cytosine

ﬂmumg Strategy

M MM S$G3R Have students Sur-
vey the text under the heading
Semniconservative Repliconon. Mext,
have students write Questions
ahout key points made in this sec-
tion. Then have students Read the
section and make notes related to
the questions. Finally, have sm-
dents Recite vocabulary and
Review for meaning.

Etriﬂcal Thinking
Hypothesize

ASK STUDENTS: What mould
be the result if DNA replication
took place after mitosis
occurred?! Some of the daughter cells
might have no DMA, some might not hawve
copies of all chromosomes, and some
might have double the amount of DMA
Those cells without DNA. lacking coples
of &l chromosomes, and with double the
DMA would likely die.

ES&III Practice

8 "8 ™ Visual Literacy

Have students study the informa-
tion in Figure 10. Based on whart

students have learned about DNA
so far, have them predict how the
process of semiconservative repli-

cation works.

Section 2 = Replication of DA 44



Writing Support

MNarrative Writing

Have students write a paragraph
explaining why the term semicon:
sernative is a good name for the
way by which DNA replicates.
Paragraphs should describe how
parent strands are used to build
new DMNA so that the new DNA is
half "old” DNA.

Est. Time 30 min

Safety Precaution Discuss the
safety concerns of this lab before
Teaching Strategy As an alterna
tive, purchase a single kit and con-
duct this lab as a teacher-led
demonstration.

Analysis

1L One strand (the parental strand) is from
the onginal DNA moleculz and makes
up half af the new strand.

2. Hudeofides might nod Bnk up i the
new strand. DMNA Bgase finishes
the nocleotide-finking process.

J. duning base pairing

The lab ar the end of the © Carn
be used ar this pomt in the lesson.

ﬁ Reading Check Each base hinds

only to its complement.

How does the DNA molecule replicate? Lsc o
model to batier understand the replication of the
OMA moleculo.

Procedurs 2l AT

1. idemify the safety concorns of this ab bodare
work begins.

4. Use your DNA model from MiniLab 1 and extra
pigces to madel the replcasion of your seg-
ment of DRA

L. Use your model o demarstrate DMNA replics:
tion for a classmate, and dentify the enzymes
irwohved in each step.

Analysis

1. Explain how your modal of D&A reglication
Shaws SemiConSarathva ropicabon.

‘& Inffer how DMA replication in a cel would be
affected by an absence of DMA kgase.

3. Identify where omors could ocour in tha roplk-

cation process.

A Ehapier 2 Maleuls Dandlics

. Base pairing The enzyme DNA polymerase

¢ catalyzes the addition of appropriate mackeotides

o the npew DMA sirand. The nucleotides ane

: added to the ¥ end of the new strand, as dhes-

. rrared i Fgors 1. DA polymnerase conminues

: adding new DNA nocleotides to the chain by add-
:  ing 1o the ¥ end of the new DNA strand. Recall

¢ vhat each base binds only 1o s complemen-A

. hinds to T and C binds to G In this way, the wem
: plaves allow identical copees of the ongimal

double-sranded DMA m be prodoced.
MNouoe in Figues 11 thar the two srands ane

made in a slighthy different manner. One strand is
. called the leading sirand and i elongated as the

: DA pmwimds. This strand s bailt comrimaoushy

I by the addition of mucleotides to the ¥ end.

The other strand of DA, called the lagging

; srand, edongaces away from the replicaion fork

bt = symhesized discontineously into small seg-
ments, called Okazaki frmgments, by the DNA

. polymemse m the ¥ o § dieection. These frag-

: ments are lazer connected by the enzyme DA

! hgase Each Okazaki fragment is abour 100-200

: nudeotides long in eukaryobes. Because one strand

s syrhesiored contimsously and the other s sy
thesized discontinoomeshy, DRA replicacon is saad to

© be semiliscomimmous a5 well a5 semicohservative.

reglication ensunes thal the sirands peaduced ane
identical b the: criginal Strand

® Figues T Thi DHA CFaam 300 sEpuculed daing Slcan &
W S S L G DM ¢ e G

BT ity Bivie IO S0 orid Broducis Fogthinis i eod
o vy Siyribieraiing oo Sty

Darection of

g # g B i il it i

= Caption Question Fig. 1

Because the lagging strand is in the
opposiie orientation (5 1o 3] than the
direction of replication. it must be syn-
thesized in segments. Replcation cannot
occur in the lagging strand wrtil the hetiz
opens far encugh to add another piece.

42 Chapler 2 = Maleculas Ganelics

Demonstration °

T8 S8 Unzip DNA Hold up a zipper
and unzip it

ASK STUDEMTS: How does this model
represent the unzipping of DNAT
Amnalyze where it fails. The rpper can
unzip im =mall sections Bke DNA. s shding device
is like the DNA polymerase, bt polymerase does
ot 0o in both direchons, and a zipper isn't
replicated when the shding devece moves.

Est. time: 5 min




Copn g 0 i m e bl o n

(]
/ IJ & Flgure 12 Eshanyuies tune many agins of
jI raeplcalion Bariona hawe 20 of igin of sl
-

Frokenote [Eukcargot o
frpl'r:T'ﬁun o u-plnm: zzm“;Wrwnmm m
oo o r Develop Concepts
|.II-||I ‘-r." '*r"Q :h“]alﬁtﬂ '
o O =t ASK STUDENTS: Explain the
- 3 relationship of DNA replication
R L P to mitosis, meiosis, and repro-
,;” 4 durtion. DHA must be replicated before
/ the other steps can take place. Students
- do not abwavs tie DNA replication
s P R ) to mitosis, meiosis, and reproduc-
Joining though ireg = iz symthestred contimumashy, in 5 .
eukaryotic (A neplication there often are mamy areas along the cheor i i an oug that Ih’EE I?TIEEE
mosame where replication begins. When the DNA palymerase comes o - rely on prior DNA replication
an RNA primer on the DNA it e the primer and fills in the pl::e F o d.EPIjL'EtE the chromosomes so
;i[:l«l:.:md:?;ﬂ When the RMA promer has been replaced, Dbl I‘]:.Ial‘i-gEnES are pESE-E'd to uﬂ'spring
C
Comparing DNA Replication in o i
Eukaryotes and Prokaryotes -“ HEI!n r "FEDH g
Eukarvotic DNA umvinds in multiple areas 25 DNA ix replicated. Each i
imdividual area of 3 chromosome replicates as a section, which can E write a DNA SEfuence about 20
wary in length from W00 to one million base pairs. As a resub, mul- nucleotides long and the same DNA
tple areas of replicaction are pocwrring dlong the lage eukaryouc chro- ith & 1
sequence with a pontion unzipped a=
mesame at the same imee. Mubiple replication origins look Bke e g
bubbles in the DMA strand, as shown in Figurs 12. L IEPJ!G[HII]:E?HS.]'IE.WHLH:IEHE
In: prokaryates, the circular DNA strand is opened 2t one orgim of copy this and finish the replicarion
replication, as shown in Fgues T2 Novice in the figure that DNA repli- - in a-t]:l.il'd: d:awmﬂ by m‘E the
cation occurs in two directions, just 2 it does in eokaryoves. Remem- 'I
ber that prokaryoric DA s typecally sharter than eukaryotic DA :mpkm'm
and remains in the cyooplasm, nor packaged m 2 nocleus :
Formative Assessment
“E m \ ) Evaluation Hzve students write a
5t -step summary af the i-
Section Summary ‘ Uniderstand Main Ideas ndiru;:rullgr;iﬁ.l-iam;‘hm e
» The enzymes DMA helicase. BRA primase, * 4 IITHER indicase fo sequonce of the sempiate sirand if 2 nontomplate ith
DH potymerase, and DA ligase oo I strandhes the sequence & ATEGGEOEE 3 exchange papers with a partner
imvived in DA repication. © 2. Deseribe e role of DNA helcase. OMA potymeraso, and DNA igase and have the partmers evaluate the
¥ Tre sirandix ofinue - to determine whether
_m m :h—mmum;mugrgm-cm. mm"}ﬂIﬁ}"'Eﬂ pe -
Gisconfinnudy, forming Okass fragmones. - Expiain wiry DA rophoarion i more comples A cukenyotes than o hactona. -_!ﬂ]"El . E'Piﬂ‘l'lmpﬂl't
¥ Brokarystic DS npens ot asiogle riginot © Thiink Critically information is missing.
replication, wherpas cularnyatic DNA hes ICIAENT Biology R e T arialonta
SRS At ol cngilicytion * B Hithe bacters £ rol synthesirs BAA at & mie of 00,000 nudentides por ; ;
- min and H takes 30 min o roplicato the DMA, how many Base pairs are in an write questions that they have
- E roll comasome? abour DMA and replication. Collect
e — student questions and read them

aloud. Have a student volunteer
read aloud the relevant text in

Section X« Ruplcanon of DA 4%

the book.
N —

Section 21 Review

1 ¥ TACOCCGEG 5 4. The structure of the chromosome is much more compdex and the

2. DMA halicase is an enzyme that urminds the DMNA. DNA polymerase chromosome is larger in eukanyotic cells. Eukanyotic cells have
is an enzyme that builds the new DMNA strand during replication, many origins of replication, whereas prokanyotes only have one.
and DM ligase hooks DA Okazaki fragments fogether 5. 3,000,000 base pairs

3. Diagrams should show that leading strands are synthesized
contimpously. while lagging strands are synthesized in fragments
that are later conmected.

Section 2 = Replication of DA 43



M W [ Protein Blueprint
ASK STUDENTS: Suppose you
are going to build a house. What
would you need to do first? An
architect would first need 1o draw a
house plan, or bueprnini. that indicates
the design of the house. Develop the
analogy of an architect (cell}
needing plans to build a house (a
protein). Once the plans are
drawmn, whar is mext? The plans
need to be read by the contractor and the
area where the house is to be built needs
to be staked out. Uise this analogy
with the mRNA {contractor)
reading the plans of the DNA and
carrying the message w the build
ing site (ribosome). Materials
{amino acids) will be brought in
according to the plans by delivery
trucks (tENA). The whole process
of building the house {protein)
will cost a significant amount of
money {energy) to the architect
{cell).

mwﬂﬂng&wﬂl
(BLIOLJAL |

Creative Writing As students
read the text under the heading
Central Dogma, have them think
about the analogy of DNA as a
cookbook recipe. Once they have
read the text, organize students
into pairs and have them write a
recipe that develops this analogy
further. One example might be making a
cake [protein] with the recipe analogous
to the DMA code, utensils analogous to
RMis, and ingredients analogous 1o
amino acids. However, the difference is
that recipes don't always have to folkow
the same sequence, whersas DNA, RMA,
and protein must go in onder.

44 Chapler 2 = Maleculas Ganetics

Section 3 \

¥ How oo mesmenger BMA, rbosnmal
RMA, and trarafer RNA imaghss n the

Traseecripian and translabion of genes?
B 'Whart is the: role of RHA polymerass in
the synthesis of messenger REA
¥ How & the code of DRA trariied
inin messenger RMA and ubitred io

symhesiae & peotoin?
Review Vocabulary

synthesisc e composSon or
combination of parts o form a whoke

DNA, RNA, and Protein

[TTTTRATIT) oMt codes tor AN, which guides protein synthesis.

RBeal-Workd Reading Link Compuber programmers wrile Suein programs in a
particular lanquage, or code. The computer is designed 10 read the code and perform
o fundhion. Lise the progromming code, DNA contains o code that signals the cefi to
peerform & funchion.

Central Dogma

Onie of the important featares of DA that remamed unrescheed
beyond the work of Warson and Crick was how DMA served asa
geoetic mode fir the synthesis of proceins. Recall thar proeins funcoon

Mew Vocabulary as srractumal building biocks for the cefls and 25 enzymes.

) Geneticists now accept that the basic mechanism of reading and

messenger A expresing genes is from DNA to RMA to protein. Thix chain of events

ribosamal RMA ocours m all lnving things-from bacvenia to bumans. Scientists refer o

vramfer ANA this mechanism as the central dogma of Hology: DINA codes for RMA,

TrArELIpaon wihich gusides the synihesis of proteins

RHA polmers :

intran RMA RNA i 2 nucheic acid that is similar o DMA. Howeser, RMA

e oontzins the sugar ribose, the base wracil replaces thymine, and asu-

coden ally is single stranded. Three major types of RMA are found in living

rareiaion cells. Messenger RNA (mENA) molecules are long strands of BRMNA
muclkeotides that are formed complementary to one strand of DA
They travel from: the nocless to the mhosome to direct the synthesis
of a specific pronein. Ribosomal RNA (fMNA) is the type of RMNA thar
assoniates with proteins 1o form ribossmes i the cytoplasm. The
third type of ENA, transfer RNA tRMA) are smaller segments of
ENA nucieotides that transport amino acids o the ribosome. Tabis 2
oompares the smuctures and functons of the three pypes of BNA

Tahble 2 Comparison of Three Types of RNA
Function Camies genefic informaion from DNA I Assooales with peotein fo form Tramsports amin acids 1o the
the: nudieus 8o dicect profein synthesis in | The fbosoma iAo

the: cyloplaem

iy @ o

Examgie

A4 Chighii 2 & Mekecus Ganeios

g # g B i il it i

Content Background

Real-World Connection One excep-
tion to the central dogma is found in
the enzyme reverse transcriptase, which
was discovered in cenain so-called
retroviruses. These viruses include HIV,
the virus that causes AIDS. The genetic
material of a retrovirus is RNA rather
than DNA. When a retrovinus invades a
cell the reverse transcriptase converts
the RMA o DNAL
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Transcription The firs1 svep of the central dogma mvolves the i
synthesis of mENA from DNA m a process called transcription
[rrans KRIHF shun). Through transcription, the DA code s trans-
ferred to mRNA in the nucleus. The mRMNA then can take the code
im1o the cytoplasm for protein synthesis. Follow along with che
process of transcription in Fagees 432 The DNA i unmpped in the
rmuckeus and RNA polymerase, an enzyme that regulaes RNA sym m
thesis, binds to a specific secticm where an mRENA will be synthe m
s, Ax the DNA strnd unwinds, the RNA polymerase initiates ————

mBENA synrhesis and nuoves along ooe of the DA strands in the ¥ m
& derection. The strand of DNA that &= read by RNA palymerase is
called the templae strand. and mBEMA is synthesized as 2 complement
to the DNA nocleonides. The DNA strand noc wsed as the template
szrand & called the nontemplare strand. The mRENA transcripe is man-
ufactured in a § w ¥ direction, adding each new RMA nucleotide to
the 3 end. Uraci] is incarporaved instead of thymine 2s the mRMA
molecule is made. Eventually, the mRNA is released, and the RMNA
polvmerzse detaches from the DMA. The nesw mBNA then moves out
of the mucleus through muckear pores o the cyooplasm.

ﬁm.m Explain the directon in which the mRNA ranscript
e hared,

RMNA processing When scentecrs compared the coding region of
the DA with mEANA that wiumately coded for 2 protein, they found
thar the mBNA code is significantby shorter than the ENA code. Upon
closer exammation, they discovered that the code on the DNA 15 imer-
rupted permdically by ssquences that are not in the final mENA. These
sequences are called meervening sequences, or introns. The codmg
sequences thar remain in the fimal mRNA are called exoms. In eukary
otes, the origimal mRNA made in the nudeus = sometimes called pre-
mE M and comains all of the DRA code. Before the pre-mBNA leaves
the nucleus, the imrons are removed from b Ovher processing of the
pre-mRMNA inclodes adding 3 protective cap on the 5" end and adding a
tail of many adenine mickeorides, called the poly-A tadl, to the ¥ end of
the mANA. Research shows that the cap aids m ribosome recogmition,
though the sgnificance of the poly-A adl remains unknowmn The
mEMA thar reaches the nbosome has been processed.

Section 3 = DA BHA, o Proteia. 45

Content Background "

Teacher FYl RNA polymerase binds to an area of the DMA called the promoter, a
sequence near the beginning of the gene. The area where the DNA s unwound by
the RMNA polymerase is called the transcription bubble. Within the bubble, the newly
synthesized RNA remains paired with the DNA template. In those parts behind the
bubble that have been transcribed, the DNA reforms a double helix and the RNA
hangs out of the complex as a single strand.

D] ¢

Enuwnhp oncepts
Clarify a Misconception

ASK STUDENTS: s mRNA
made from both sides or one side
of the DNA? one side: the template
strand Students often have diffi-
culty with the idea that mRNA iz
made only from one side of the
DNA. Emphasize the difference
berween the template srrand and
the nontemplate strand each dme
vou write or talk about the DNA
strands in transcription. Students
should be able to explain that one
side of the DMA is the templare
strand and the other side is the
nontemplate strand.

Going Further On the back
of their Foldables. have students

draw a Venn diagram to compare
and contrast translation and

ranscription

Translation
RS symthesced from ONA oode

Transcription:

RMA assembies amino acds

= Caption Question Fig. 13 RNA
polymernase

Reading Check mANA i= bt in &
5 1o 3" direction.
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Develop Concepts

(BL | OL]

Clarify a Misconception

ASK STUDENTS: What

accounts for the similarities
among all human beings? Simitar
sequences of DNA make up genes.
What accounts for individual
differences? urique sequences of DNA
that make up genes Students might
understand thar genetic differences
account for individual traits but
might not realize that genes also
account for similarities among
human beings. Common DXNA
saquences code for our general
human features and differences in
DMA sequences code for traits that

E Critical Thinking

A [N compare

ASK STUDENTS: How does
decoding DNA compare to read-
ing music! Musical notes represent a
code for a particular sound. The musician
reading the notes knows what sound to
piay. DNA code represents aming acids
and RHA, and ribosomes franslate the
code and assemble the amino acids Bto
proteins. Each codon is like 2 note and
the notes add up to make music.

E Skill Practice

(BL | Visual Literacy

Have students examine the code
dictiomary in Figure 14.

ASK STUDENTS: Howr many
codons code for an amino acid?
&1 How many codons code for
"stop™! 3 What amino acid is
coded by the codon AUGH methio-
nine What is special abour this
particular codon (AL'G) |t is the
start codon (where the coding begins) for
all mRMAs.

= Caption Question Fig. 48 ALUG—UCLY

LCCAUCA U CG MG VAR —CALY
CAC—LMGGE— LA MG MG
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= Fgure $8 This “Sokey” of e fenslc c2de is haipld o owing
which oodos Code kad which dmins acds

DARTITINE L @oiibde sdgereddl Bhal wookd produte the

aming ot chai SerT—iating

The Code

Binlogisis began to hypothesize thar the mstruc-
tions for protein synthesis are enonded in the

DA They recogniooed thae the only way the DA
vaned among organisms was in the ssquence of
the basex Scientists knew that 20 ammo acids
were used 10 make proteins. so they knew tha
the DA must provide at leasy 20 different codes.

IR - The hypothesss for how
the bases formed the code is based on math and
lagic. If each taze coded for one amino acid, then
the bur bases could code for four amino acids. IF
each pair of basex coded for one amima acid, then
the four bases could only code for b4 = 4 or 49
ammo acids. Howeser, if 2 group of three bases
coded for one amino acid, there would be &4 (45
possible codes. This provides more than the 20
codes needed for the 20 amino acids, b i the
smallest possble combination of bases to provide
enough codes for the amino anids

This reasoning meam: that the code was noc
contained in the base pairs themselves, bur rmest
run along a single strand of the DNA. Experiments
during the 196ds demonstrated thar the D3y
code was mdeed a three-base code. The three-hase
code in DNA or mEMNA is called a2 codon. Each of
the three bases of a3 codon in the DNA s tran-
scribed inoo the mBMNA code. Figurs 98 shows a
“dictionary” of the genetc code. Motce that afl
b three codons ane specific for an amino acid;
these three are wop codons. Codon AUG codes for
the amino ackd methionine and also funcrions as

A5  Chagiei 2 * Makicuts Barialo

the start codon.

Translation Once the mBENA s symthesized and
processed, it moves wo the nbasome. In eukary-
orex, this means the mENA must leave the
mucleus and emver the cytoplasm. Onee in the
cytoplasm, the § end of the mENA connects o
the ribosome. This is where the code b5 read and
translated to make 3 protein through 2 process
called tramslation. Follow along in Figure 15 as
wou fearn about translacion.

In tramsianem, tRMNA molsoules act as the mier
prevers of the mANA codon sequence. The tRINA s
fiolded] inan a choverdeaf shape and 15 actwvaced by an
enzyme thar sraches a specific amino aoud 1 the
% end. At che middle of the folded strand, there s
a three-hase codmg sequence called the amicodon.
Each anticodon 15 complementary to 2 mdon on

. the mRNA Though the code in DINA and RNA
L read 5o ¥, the anticodon is read ¥V oo 5

g L B i i it

Research Citation™

Visual Literacy Educational research
like the one described on page 337 can
help students with higher-order thinking
skills such as making comparisons. By
providing a visual representation of the
information, teachers can address a
variety of learning styles and needs.
(Horowite, 1985}

Differentiated Instruction

Physically Disabled When working
with students with physical disabilities,
know their strengths and abilities. When
students are working in groups, assign
tasks so that physically disabled students
are given responsibilities that utilize their
abilities so they can contribute in a
meaningful way to their group’s task.
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Figure 18
Fracsrriptins i plsco in e oucius. Sarmlbsiios oorurs in e cptoplasm and ressis in the fomation of polypoptides.
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Mucleus I
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[ Denorsiration

wmm On the board, draw the letters of the nucleotides of a
piece of two-stranded DNA_ Erase a portion of one side and redraw part of ane side spaced
apart to indicate unzipping. Add the RNA polymerase and begin making an mENA on
one of the sides (template). Show the RNA leaving the nucleus with an armow and have
students decode the mRNA into an amino acid polypeptide. Est. time: 10 min

Purpose

Students will understand the
process of DMA transcription
and translation.

Develop Concepts

BL | 0L | COOP LEARN J ¥3V90W
Point out that the words elm, elk,
and eel all differ by only one letter,
vet their meanings are very differ-
ent. In a similar manner, one letter
in the DNA codon can make a
major difference in the amino acid
inserted into a protein. Have stu-
dents form groups of three and
come up with other similar word
analogies for codons that differ by
only one letter, similar to efm. elk,
and eel

Writing Support

[N [N Creative Writing Have
students write a simple sentence
in their notebooks. Then ask stu-
dents to shift the letters. For
example, “The fat cat ate the hig
rat” becomes "Hef atc ata tet heb
igr att” Point out that the three-
letter words model codons.
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Develop Concepts

MM Activity Draw a short
section of DNA on the board,
lzbeling one side the coding or
template strand and the other side
the complementary or noncoding
strand. Ask students to decipher
the code into a segment of

amino acids.

E Develop Concepts

(BLJOL

Clarify a Misconception

ASK STUDENTS: Does protein
synthesis “oost™ the cell energy!?
yes Students may not understand
that protein synthesis requires
energy, as does all biosynthesis.

DATA ANALYSIS LAB 9 |

About the Lab

= Also see Liu, |, P. Feldman, and
T. D. Chung. 2002. Real-time
meonitoring of in pitro trans-
cription using molecular
beacons. Annals of Binchemisoroy
300k 40-45.

Think Critically

‘L Fluorescence levek increased the
most over time in the bacterial and
wiral RMA not treated with rifampin.

2 BMA synfhesis i= inhibited.

3. E coii and M. smegmotis are greatly
affected by rifampin. Viral RNA =
slightly affected.

! The role of the ribosome The ribosaome consims of two subunis, a5
shown in Figus 95, These sutnmdts are not associaed when they are
not fvoheed in protein tansladon. When the mENA leaves the
naclews, the rwo pams of the rbosome come ogether and artach o the
mENA 10 complere the nbosome. Omce the mBMNA is associaced with

t the nbosome, 2 tRMA with the anticodon CALY camying a methionine

i will move m and bind o the mBMA start codon-AUG—on the & end of

i the mRENA_ The ribosome structure has 2 groove, called the P site,

i where the tRNA that is complementary 1o the mBENA moves mo

. A secomd tRMNA moves inbo 2 second geoove in the ribosome, called

: the A site, and oorresponds to the next codon of the mRNA. The pext
codon is ULAL, =0 a tRNA with the anvicodon AAA moves (n, carmying
the amino acid phenylalanine

Part of the fMA in the ribosome now acts as 2n encyme catalyz-
ing the formation of a bond berween the new amino acid m the A sice
and the amimo acid in the P stte. As the two amino acids join, the
tBMA in the P sie = released to the thind site, called the E sise, where
it exits the nbosome. The ribosome then moves so the tRNA found m
Groove A is shifted to See P, 25 shown in Fgars 15, Now 2 new tRNA
will enter the A sive, complementmg the nexe codon on the mBRNA.
This process will continue adding and lnking amino scids in the
sequence determined by the mRMA.

The ribosome conrinues o move along wiil the A stte contains a
seop codon. The stop codon signals the end of procein synthesis and
does ot complemeent any tRMNA. Proveins called release facmors cause
the mRNA 10 be released from the last tRNA and the ribosome sub-
umnits o disassemble, endimg protem synchesis,

DATA ANALYSIS LAB 4 N\

():;r-l'rrgf u"}%

Bazed on Real Data®
Interpret the Data
Heows can @ wirus affect transcription?  To study BMA

syniness, 3 group of Soonisis used & Suonesoont
molecular baacon o traon mokeoues. This boacon

#nce with

Comparison af fuor
the Addition of

becoemes Ssorescond when i binds bo newly symthe- T = T
sizec RHA The Suoesoence increases. as the RS 100 H 7 e r::"q"w““ﬂ
mmeammunmmﬂm - = TTRRAF £ il = = M ame AMAR il
foliow BNA sythosis. T =]
In this Espemment, scien@isis adided the amtibiof ECLi ] e
nmlnimmﬂmmnﬁmam& _'_,.-_._','_.‘.-of'.'-" -

{TF RNARY, Eschorchis ood (£ coll RMAF], and s Eﬂ i
Mycobactonum smegrmatis W, smogmats BNAP imgi==F=S
and foliowed BNA syrEhesis Oz -k 2 4 ok Ay ITTA

Time {min|

Think Criticaily

‘4. Describe the relsticnship bobasen the flucines-
cence |ewel and time in each expanment not
oapased to rfampen.

D o v S s S hd e m FEOA Sea s mesec e 0

Z. lnfer wihat tha relabonship botween flucres.
cance krvel and Sme indicales i happening n
wach case where rifampin was added.

1. Interpret which oeganism's RMA symthesis is
aftected most by the anbibiotic rdamgin.

o e A M e st 11 e 7T

&8  Chapter D & Mot Ganatos

Cop g D G i s e
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Content Background

Cultural Diversity The discovery of the individual three letter codes involved experi-
ments by British scientists Francis Crick and Svdney Brenner, German plant physiologist
Heinrich Matthaei and biochemist Marshall Nirenberg, and American geneticist Philip
Leder. Crick and Brenner used mutants with deletions or additions of one, two, or three
nuclentides to show that the code was a three-letter code. Nirenberg, Matthaei, and
Leder used synthesis of mRNAs to solve the majority of the code charts Nirenberg and
Leder were able to synthesize short three-nucleotide mRMNAs to finich solving the code
chart in the 19605,
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One Gene—One Enzyme

Once scientists leamed o DMA works as 2 code,
they needed to lram the relatiomships between

the genes and the provsins for which they coded.
Experiments on the mold Mewnospora were the first
o demonsimate the relationship benween genes and
enzymes In the Fds, Gernge Beadle and Edward
Tarum provided evidence thar a gene can code for
an enzyme. They studied maold spores thar were
mutated by exposure o Xrays. Examine Figurs 96 to
follorw along with their experiment.

Mormally, Newrogpors can gros on an arificial
me=ctam thar provides no amino acids. Thas type of
medmm is called manimal mediom. Complete
medim provides all the amano acids that Narospora
needs to funcrion. fn Beadle and Tamm’s expenment,
the spares were exposed to Xrays and grown on a
coamplete medium. To eest for 2 mutaced spore, the
sCleTItiETs grew spares o0 @ manimal medinm When a
spore was umable to grew on the minimiall medium,
the mutant was tested to see whar amino acid it
bcked. When the mold-spore oype gres or a2 mine-
mal mednmm with a supplement such as argmine, Bea
die 2nd Tanmm hypochesized thar the mmstant was
missing the enzyme needed 1o synthestze arginme.

Beadle and Tanmm came up with whan is knman 2
the “one gene—one ensyme” hypothess. Today, becase
we know thar polypeprides make up enrymes, ther
hypothesis has been modified slightly o refer o the
fact that one gene codes for ooe polypepoide

mirimal medum pompheie mediom
{no pming aods) famno acids prowded]
|-1 J)}f al

| LIS T MutIin
‘\.‘_.] i
\ g . Jﬁl:mmis sifecied
| 1

Mo grosth o
minimal medings Giowth an
cinnlifiag B gresenoe | complete ieadiim
al mugaine, |

¥
Spores tramfereed to minimal media ane
wipp emested with vanms suhstarces.

v on
gl 1 | L g
| 1 shioaws which
B BB B E=
3l 2l £ 5| = Rl

= Figure 968 Tho Buotio ordd Tatum os i showed Tl
& e coakas Pod an ey, We oo oo thal 3 pese codes o &
et

Section 3 Review

\

Section Summary Understond Main ldeas

§ Thras major types of ANA a0 mvohaed 0 1. EETE sommarkes the process by which the DA code = made into o
peotein vymihesis mEHA, IRNA. and RMA. probein

¥ The syrehesis of the mENA tom the sem 2. Deseribe e fundion of each of the folowing in proten wynthess RN
e D s calied trammornpion. mAMA, mnd 1HNA.

} Trarsimtion & the process fhrough which o
mRMA asches b the nbizome and a pro-
‘toin = assembied.

¥ in oukaryoles, mRKA contains ntrode that
e marised before leaving the nudews. A

3. Difterentlale tetween mdons and anbondans.

4. Explain the robe of RKA poymenme in mANA sythess.
5. Conclude why Beadio and Tatum's “one gene, one encyme” hypothess o
Ewen modified since they presented it in the B40s

op and poly-A tal s addod o the mAkL. T T
¥ Ore: gene codes for one polypeptide. E -
+ 6. Hihe genelic code msed Your hases as a ode instead of three, how many
- code units oould beencoded?

o
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CM [ M scaffolding

ASK STUDENTS: Identify the
experimental organism used by
Beadle and Tatum. the mold Newro-
sporn What was the purpose of
growing the mutated mold spores
on tov different mediums? Mutzns
would growr onldy on the complete medium.
In order to {est i a mokd =pore was a
mutant, it had to be shown that it cowld
not grow on the minimal mediem,
Design and drow another set of
results for a mold spore that is a
migcia mutant. Drawings should be
similar to Figure 16, but growith wecaild
occur ondy in the niadin tube.

Formative Assessment
Evaluation Write a single tem-
plate strand sequence of DNA

on the board Have students write
the complementary sequence,

the mRMA sequence, the transfer
RMAs, and the amino acid
sequence of the polypeptide
synthesized from this code.

Remediation Use interlocking oy
building blocks with colors repre-
senting bases as follows: Red = A,
Green = G, Yellow = C, Black = T,
and Blue = U. Build a DNA tem-
plate strand with the blocks Have
students build a complementary
DNA sirand, an mRMNA strand, and
tRMAs Have students decipher the
colors of the blocks o determine
which amino acids are being coded.
—

Section 3 Review

L. RMA iz synthesized from the template strand of DNA and u=ad to

assemible amino acids o proteins.

2. tRMA is a major companent of the ribosome, mRNA camies a
complementary code of the template strand of DNA to the

N

ribosome for protein syntheszs, and IRMA fransports amino acids

to the ribosome for protein synthesis.

3. Codons are the thres-nucleotide code units on DNA or mRNA.
Anticodons are the three-rudectids code units on tRNA that

camplement the mRMA codon.

4. RN& polymerase initiates mRENA synthesis during frarscription.
5. Further study and expenmentation have allowed scientsts to

leam more information and further refine the hypothesis.
B.Axdxdxd=4 =356
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[ [ [T Mutation

ASK STUDENTS: Whar mords
you hear the words mutation or
mutant? Shudents might bring up
slaries or movies about science-fiction
mutants. Allow an open discussion
of what they associate with these
words. Point out that in Latin the
root mtare means “change.” Lead
students to see that certain things
can change the DNA in the geno-
type, which can evenmally cause
changes in the phenotype of the
organism_ These changes can have
a positive impact, negative impact,
or no impact at all

E Reading Strategy

(BL | OL|

Directed Reading Have students
make three columns on a sheet of
paper. At the wop of the left col:
ummn, have them write What I
Knowy; at the wop of the middle col-
umn, What | Want to Know, and at
the wop of the third column Wihar
Fve Learned. Have students fill in the
left and middle columns before
reading Section 4. After they read
the text, have students fill in the
right column.

50 Chapler 2 = Maleculas Genelics

Essential Guestions

B Hiow ane bacteria able io requisin
thisir gencs by Two ypes ol cparmm?

P How dio cokanpotes requlaie the
ranscrigtion of gones?

b ‘et ae e varous types of
muiafioe

Review Vocabulary
prokarysde: ogenksm that doas noft
hese memibrane -bound organeles and
DM thee is organtred in chrompsomes

Hew Vocabulary

Qe reguatan
opemn
[T 1]

musIgen

= Figure TF The B oo i o6 ek of the
e astan of D ol ST

Gene Regulation
and Mutation

Gene expression is regulated by the cell, and mutations can
affect this expresson.

Real-World Reading Link When you type & semence on s keyboand, s important
that each letier & Byped cosrectly. The sentence “The fa cat ate fhe ai® & quile
ifferent from “The fat cat ate the hat " Though theee is & difference of ondy cno letter
Esetwaren the: two semiences, the meaning s changed.

Prokaryote Gene Regulation

How do prokarvocc cells regulave which genes will be transcribed ac
parncular times in the kfetime of an organism! Gene regulation is
the abkdlicy of an organism to comntrol which genes are transonbed in
respanse 0 the envinoomem: In prokarvotes, an operon often comrols
the transcrption of genes m response to changes m the envronment.
An operon is a section of DA thar conrains the genes for the pro-
teins needed for a specific metabalic pathway. The parnts of an operon
inchsde an operavar, praomoter, regulacory gene, and the genes coding
for proveins. The operacor 5 3 segment of DNA that aors as an onvioff
switch for transcriprion. A second segment of DA, called the pro-
maer, is where the RNA polymerase first binds o the DNA. The bac
teria Excherichio ool (E. ooli) respond wo erypeophan, which ix an amino
acid, and bcrose, which 52 sugar, throngh two openons.

The trp operon In haoeria, tryprophan synchesis ooowrs i a series
of five speps, and cach step s catalyoed by a specific enzyme. The five
genes coxding for thess enzymes are clustered together aon the bacte-
rial chromosome with a group of DMA that comrols whether o not
they are tmmscribed. This chaster of DMNA &= called che rrypeophan erpl
operon and is Hlusrated in Fguee T

Trp operom “on” Trp operon “off”
Repressae gare Genes for rpptoghan enoymes
A :.‘:*:.-.r.-::;:ﬁll.‘dl.ﬂﬂ':;:::;;: i ST fa
RHA Promater "N'::lﬁ-
phyriseass
5 kA,
© pelymense
L T mERS ; Infckscnd
rRHA H‘\‘n.__ ;- i

I

miEFLA coding for rstophan anayrees

Fm?-?;mn

Cop L o b D e

Prateis hm ﬂ ﬂ' J. '
facihel g ymes for irpacphan spsthesis Tryptcqsen factianedh
50 Chapledd & Mokoolii Ganais
€€ Education is what remains after
orie has forgolten who! one hos
—ALBERT EINSTEIN
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The irp openon is referred to as a repressible operon because tran-
srriprion of the five enzyme genes normally is repressed, or turned
off. When tryprophan is presene in the cells enviromment, the oell has
no need o0 synthesize it and the op repressor gene turns off, or
repm.'n:i the manscripuion process by making a repressor proteimn.

Trypeophan m E. ook combines with an inacuive repressar provein to
actrvace it, and the complex inds o the operatar in the promoter
s=quence. If the repressor is bound o the operator, RMA polymerase
cannot bind 1o it, which prevents the manscripuocn of the enzyme
genes. This prohibits the synthesis of tryptophan by the cell

When trypiophan kevels are low, the repressor 15 not bound oo
wrypuophan and is fmactive—it does nov bind 1w the operatar. The RMA
polvmerase i shle w bind o the operabor, neming on tanscripion
of the five enzyme penes. This trenscripeion enables the synthesis of
trypuophan by the o=l Morice the locarion of the repressor protein m
Fgum 17 when the operon is turned boch off and on

€ uading Check Summarize the cifect of trytophan on e o opero

The foc operon When lactose = present in the cefl, E ooli makes
enzymes that enable it vo wse lactose a5 an energy sounce. The
Loz (lar) operon, illustraned in Flgurs 18, containg 3 promoter, an
operator, a regulatory gene, and three enzyme genes that control
laotose digestion. In the fac operon, the regulaory gene makes a
repeessor procein thar linds to the operator m the promoter
sequence and prevents the ranscrpoon of the enzyme genes.

When a molecube calbed an mducer is presemt, the indwecer
binds 1o the repressor and mactivates i In the loc operon, the
inducer is allolactose, 3 molecule thar is present in food that con-
tains lactose. Thus, when lactose is present, the allolactose binds to
the repressor and dnactivates it With the repressar inacrivaned,
RMA polymerass then can bind o the promoter and begin tran-
scription. The loc operon is called an inducihie operan becase
tramscription is turned on by an inducer.

CAREERS IN BIWHAMGY

Micrebinipgist Scipnists who study
miCTabe, primardy prokaryoles, am
obed microbinlogsts. They might
neseaoch io boam aboul which geoos
oo i peodeciion of parkiasar
prmens of hos 8 protesn affects the
I ol & e,

= Figurs T8 Th LC SfEron b a8 sl F 1 Gl Gebieiid of S0eCitio oilymic
demitifty wihal Mk nigveesser /s Soovad io winsn P L oysivon i turmd ol
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= Caption Question Fig. 18 The repressor is

bound 1o the promoter.

the operon is off.

e’leaﬁlgﬂmd; ‘When tryptophan is present,

ES&III Practice

[ [ Visual Literacy Have
students carefully study Figures 17
and 18.

SAY TO STUDENTS: Compare the
two types of prokaryotic genetic
regulation pathways: the lac
operon and trp operon. Have st
dents make a table summarizing
their comparison between the two

tvpes of regulation pathways.

E Develop Concepts
[HENET Scaffolding

ASK STUDENTS: Which type of
prokaryotic regulation pachmay,
lac or trp operon, works by
preventing the transcription of
genes? (o operon Explain the func-
tion of the fire genes coding for
proteins in the trp operon. Theze
genes code for enzymes involved in the
synthesis of typtoghan. Predict mhat
will oorur when tryptophan is
added to the medium in which
bacteria are groming. The iyplo-
phan will combine with the inactive
repressor and activate the repressor,
tuming off the i operon

Section d = Gene Requiation and Mutation 54



E Develop Concepts

(BL | OL

Clarify a Misconception

ASK STUDENTS: Do muscle

cells and merve cells contain the
same genes? yes Students do not
ahways understand that every cell
in the body has the same DMA in it
{exclusive of gametes). Every body
cell contains the same genes. DNA
regulation is very important in cell
specialization. Cells of different
types, such as neurons and muscle
cells, have ditferent types of genes
turned on and turned off

mmngw
[ ¥ Informal Writing

Infiorm students that the regulation
of the transcription of eukaryvotic
genes involves much more than
turning them on and off. It also
involves speeding up or slowing
down their transcription.

SAY TO STUDENTS: Use the amal-
ogy of making a car go faster or
slower to write a brief descrip-
tion on the role of activators and
repressors. Activalors can make tran-
=oription go faster, just as pushing on the
gas pedal of a car makes it go faster.
Repressors can show transcription down in
the same way & car can be slowed down

by steppang on the brake pedal

B2 Chapler 2 = Maleculas Ganelics

Eukaryote Gene Regulation

i Eukaryotic cells also must congml what genes ane

! expreszed at different times in the organdsm’s lifetine In

i eukaryotic cells, many genes imeract with ane anather,

i requiring more efements than a dngle promater and oper-
ator for a set of genes: The organizarion and structure of
i eukarvorc cells is more complex than m prokaryotic

i cells, increasing the complexity of the contml system.

i Controlling transcription Ome way that eukaryotes

! comenol gene expressaon is throegh proteins called ran-

seription factors. Transcripeion factors ensure that a

i gene b used at the right time and that proteins are
made in the mght amounts. There are two main sets af
transcription factors. One set of transcription factors

¢ forms complexes that guide and stabilize the binding

i of the RNA polymerase to a promoter. The other set

Drensphns How ganes

’--,'.-.n"" inchades regulatory protetns that help control the rave

i of transcription. For instance, proteins called activators
) i fold DNA z0 that enhancer sites are close to the com-
= Figums 19 Hoxgenis it ponibie b M gemiral B2dy & Slay and increase the e of gene transcripoion.

Eanem of MGl Skt Nelid Thal T s of M oS £ D

e i o od b P it Repressor proaesins also bind 1o specific sites an the

DA and prevent the binding of activators
' The complex structure of eukaryouc DMNA also regu-
i laves transcription. Recall thar eukaryoric DRA is wapped
around histones o form nuclessomes. This stnacture peo-
wvides some inhibition of transmmpoon, 2ichough regulacory
proveins ard RMA pohrmerase still can acrivate specific
geres even when they are packaged in the nuclecsome.

Hox genes Gene regulation is orucial during develop-
mem. Recall thar multicelhilar eukanvoces develop from a
single cell called a zvgote. The rygote undergoes mitoms,
producing all the different kinds of cells needed by the
organism. Differentiation is the process through which
the cells become specialmed in structure and funcrion
Ooe group of genes tha conerols differentiation has been
discovered. These genes are called homenbox (Hox) genes.
Hox genes sre mportam fior determining the body plan
of an argangsm. They code for transcopoion factors and
are active in z2ones of the embryoe that are in the saame
order as the genes on the chromosome. For example, the
colored regians of the fly and fiy embryo in Figurs 19 ooo-
respond to the colored genes on the pece of DMA i the
figure. Thess genes, ransoribed at specific mes, and
Incated in specific places an the genome, control what
body pan will develop in a given locatsan. Ome mutasion
im the Hox genes of fruir fTes bas vielded flies with legs
growing where their antennae should be. Studying these
¢ flies has helped sciennsts understand more sbour how
genes camrol the body plan of an organism. Similar chas-
i ters of Hox genes thar control body plans have been

. found im all animals.
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Content Background

Teacher FYl Experiments with Hox genes in Drosophila have yielded a wealth of
information about how development occurs in animals. The Hox gene clusters are
located in the s=ame arder on the chromosome as the order of the body sections the
genes control. The order of these genes is highly conserved in species, indicating an
ancient origin. In fact, most variations between species are in the number of Hox gene
clusters and in the number of genes in the clusters. Some evidence suggests that Hox
genes are imolved in human birth defects.
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RMA interference Another method of eukaryocc gene regulaion is
BN inverferenoe (RMAIL Small pieces of douhle<tranded RMNA in the
cytoplasm of the o=l are cot by an enzyme called dicer. The resubing
double-stranded segments are called small interfering RYNA. They bind
to a procegn complex that degrades aone strand of the RMA The resule-
img single-smanded small iterfering RNA and protein complex bind
o sequence-specific sections of mRMA in the cytoplasm, causing the
mEMA m this region to be o and thus peeventing s translation.
Fguse 20 shows the single stended smiall interfering RMA and protein
complex binding to the mEMA. Research and clinical trials are being
oonducted o imeestigate the possibility of using RNAL b treat cances,
diabetes, and other dizeaes.

’n-—':nu Expiain how BHA inberference can regulste suksryotic
QENE ENpTELLon

Mutations

Do you ever make mistakes when you are typng an assignment?
When vwou type, sornetimes you might sinfe the wrong key Just as
vou might make a mistake when cyping, cells somenmes make mas-
takes during replication. However, thess mistakes are rane, and the cell
has repair mechandsms that can repair some damage. Sometimes a per-
manent change ooours i a cells DA and this is called 2 soetation.
Becall that one inhertance paitem thar Mendel studied was sound and
wrinkled pea seeds k i= now known that che wninkled phenotype is
associated with the absence of an enzyme that miluences the shape of
starch mofecules in the seeds. Because the murarion in che gene causes
a change in the prowein that is made, the enzyme 5 nonfunciional.

Types of matations Mutations can range froan changes ina single
hage pair in the coding sequence of DMA 10 the deletions of Linge
pieces of chromeosomes. Poine nunagions imeobve 3 chemical change in
st one base pair and can be enough to cause 3 genetic disorder. A
poine mutation m which ocne base i exchanged for another is called a
substitution. Most substitutions are missense muiations, where the
[DNA code is ahered so thar it codes for the wrong amano acid. Ocher
subsritncions, callsd morsense mutations, change the codon for an
amino acid to a s1op codon. Nonsense mutations cause tanslaoon m
rermminare earhy. Mearly all nonsense mutations lead o proveins thae
cannot funcrion normalky.

= Figure 20 RNA Blirfeesio (n Deg e
R b ascirey i mesaage

Dizscribs e B BIGA-gvo bewt covnplas
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Differentiated Instruction”

Below Level Alternative activities
should be used to address the needs of
students who are performing below
grade level The vocabulary chart
described on this page is a valuable
tool to use with students who struggle
with reading, allowing them to develop
visual clues they can use to recall the
meanings of difficult vocabulary terms.

Content Background

Real-World Connection Science mag:
azine called the discovery of RNAI the
“Breakthrough of the Year 20027 The
use of RMAi as a genetic therapy to
silence a specific gene that has gone
bad has entered human therapeutic
clinical trials. One disease researchers
are concentrating their efforts on is

macrodegeneration of eyes.

Reading Strategy

[ Vocabulary Chart Have
students make a three-column
vocabulary chart. In the first col-
umn, have them write the new
vocabulary terms for Section 4. In
the second column, have them
write the definition after reading
the text. Then have them come up
with a memory clue, such as a
sketch or a word association, and
have them write down their clue
in the third column.

Have students work
in pairs.

M instead of a chart. have st
dents write a paragraph describing
the relationship berween the

vocabulary terms for this section

= Caption Question Fig. 20 Small
interfering RMA binds 1o a protein

compdex that degrades one strand of the
RHA.

a’mm [t can prewent
translation of sections of mRENA.

Section d = Gene Requiation and Mutation 53



VOCABULARY . i Another rype of muarian that can occur imeobees the gain or knss
ACADEMIC VOCABLLLRY of a nucleotide in the DA sequence. Insermions are addiions of a
Sobstitmiion ] nucleotide 1w the DhA sequence, and the losz of 2 mackeotide = called
Writine TaTs the act of replacing one thing with a deletion. Boch of these nmumations change the multiples of three,
ol s
anacher ;i fmom the pomt of the insertion or deletson. These are called frameshift
m ﬁF o The sub: inf ek o P 1 nmmaions becase they change the “frame® of the amino acid
Creative Have students im che FINA cawesed a md ! vence. Tabie 3 dlusgrares various cypes of mutacions and their
: seq VReS
waork in pairs to research health PR i : ¢ ¢ efiect on the DNA sequence.

issues related to mutations and
then construct & poster on the
topic. The purpose of the poster
might be to educate people abour
the type of mutation involved. or
to warn people about mutagenic
agents thar could increase the risk
of developing 2 disease. Caution
students to be sensitive in the way

they approach their topic.

Sometimes mutations are associaied wirh diseases and disorders.

Une example is alkaptoruria. Patients wich this disorder have 2 nota-

toon in their DNA coding for an enzyme mmvolved in digesting the

amino acid phenyllanine. This mamation resules in the black-colored

homogentisic acid thar discolors the unne. Studies have shown thas
I pactenes with alkaptonuria have 2 kigh oocurrence of frameshife and
! mizsense mmmacians in 3 specific regiom of their DMA. Table 3 lists

THTLRLaE NS,

some more examples of diseases assocated with differenr types of

I i Examplo of AsneCiatad Detezza
Skill - Harmal THE Bi6 FAT CAT ATE THE WET RAT
(BL | Visual Literacy
Have students study Table 3. Wirite Achond roplacle “““";"‘m
= ' ol cartilage on the onds of the long bones
Eranse THE BLI FAT CAT ATE THE WET RAT
various nommal and mutant . |substiutin] A PR i T
sequences on the board or give dwarism
them to students as a h.z_mdﬂuL Ml syshplhy: g sion izl
ASK STUDENTS: Identify the Momsense [substitutien] | THE BIE RAT drsardor charactenand by e progresshn
type of mutation that is demon- weskaning of many musches in e body
strated in each of the sequences. Cyssic Heooais: characterizod by abnomally
Enmu[a_ge Hudm[; o wmse ﬂ]e THE iGF ATC ATA TET HEW ETR AT Thick murus in e lungs inlesines, and
information in Table 3 to help e
them. Lrohn's disease: chionic nflammation of
Pt th intestinal ract, producng froguont
{causing frameshifl) THETE 260 TOMTAT STHEME TRA diarhas, abdominal pamn, s, iover,
and woight loss
Charcot Mane-Tooth dseaso fype B
damage io perphend rendes leading 1o
THE BiE FAT FAT CAT ATE THE WET Ral
Desplication R 3 &
and iowor lags
Expanding mutaticn Hunting!on's iSDaDE: & IOGISERD
flandem repaats) desase inwhich bran oodls washe away,
Genaration 1 THE BiE: FAT CAT ATE THE WET RAT produring uncontralled Eovamens,
Genaration 2 THE Bi& FAT CAT CAT CAT ATE THE WET RaT emotanal detsrtances, and montal
Generation 3 THE B AT CAT CAT CAT CAT CAT CAT ATE THE WET RAT deteriomtion

B4 Chapler 2 = Maleculas Ganelics
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Research Citation™

Formative Assessment Educational
research indicates that assessment
should be timely and ongoing. An eval-
uation of students” understanding
throughout a lesson provides the
teacher with valuable information to
be used in planning remediation and
future instruction. (Bransford, et al, 2000)
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Large portions of [MNA can also be myvohed ina maration. A miece
of an individoal chmmosome comaiming one or more genes can be
defeted ar moved to a different location on the chromasome, ar even
o a different chromosome. Such rearrangements of the chromosome
often have drastic effects on the expression of these genes.

(RN 1T 0 In 1991, 2 new kind of mstacion was discon
ered thar invohes an increase in the momber of copies of repeated
odans, calbed tandem repeats. The increase in repeated. sequences
seems o be myvaolved ina number of inherived disoeders. The fiest
known example was fragile X syndrome-a syndrome that resulis ma
mumber of mental and behavioral impatrments. Near the end of 2 nor-
mal X chramosomes, there is 2 section of GG codons that repex
abouat 30 trmes. Indnaduals wath fragile X have CGG codons thae
repeat hundreds of times. The syndrome received its name because
the repeated area on the tip of the X chromosomes appears a5 a fragile
piece hanging off the X chromosome, s illustrazed in Fgoes 21, Cus-
rently, the mechanism by which the repeats expand from generation
10 gemeration iz not known.

@ Foading theck Describe three tyoes of mustions

Protein folding and stability You mighe expect that large changes n
the DA code, such as frameshift matatons or changes i position, kead
o genetic disorders. However, small changes like sighstemions. also can
lead o genetic dizsarders. The change of one amine acid for anather can
change the ssquenos of ammo acids n a peotetn enough o change bath
the fokiing and stabilicy of the provein, as illkstraced in Figurs 222

An example of a genetic disorder caused by a single point maa-
uion is sickle-cell disease. In the case of sickbe-cell disease, the codon
for 2 glotamic acid §GAA) has been changed to 2 waline (GUA) in the
peocein. This change in compoesition changes the strscture of hemo-
ghotin and i the canse of this disorder.

w g 22 A L S sl i SaTiila (R Canrks T ROt dESCrr i -Cill i
Becall what happerss bo th prodiit aiilr P Subsifobed orming ol

yabre Watidine Lot

= Fgure 21 Fraghs ¥ sysdrons is dee i
My caled safsidiiad C 50 uais soad tha and of
hin ¥ dhiaimasoens, Saking e ke 1 ol the
B hromnes ot St fragpe

Sichle shape of red bload cell
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G’hﬁuﬂﬂ!ﬂk Answers may mclude any three
aof the fallowing: point mutation—
mvolving a sngle base {substitubon];
mzeron—addition of & base to the sequence;
defatan—removing a base from a sequence;
duplication—repedition of 8 gene or base;
tandam repeats—minltiple repefitions of a gens
or base.

= Caption Question Fig. 32 The protein
hemoglobén = defective and causes red bood cells
1o have a deformed, sickle shapa.

Develop Concepts

M Activity Use sickle-cell disease
and cystic fibrosis as topics for a
discussion about how a small
change in a gene can cause major
effects on the phenotype. Have
students research how mutations
result in each disorder.

ASK STUDENTS: Whar mutation
causes sickle-cell disease?

a point mutation in the gene that

codes for the kemoglobin protein

Review the quaternary structure
with students The hemoglobin

molecule is made of four polvpep-
tide chains. rwo identical alpha
chains, and two identical beta
chains. In the two beta chains,
there is a single mutation in the
sixth codon, which causes a glu
tamic acid to be replaced by a
valine. These two changes (one in
each beta chain) cause a misfolding
of hemoglobin under low oxvgen
and lead to sickle-cell disease.
What mutation causes cystic
fibrosis? a change in the pene that
codes for a chioside channel The most
common cause of this disorder is
due to a deletion of three nucleo-
tides of the 508th codon. The loss
of the phenylalanine amino acid
results in the disorder known as

Section d = Gene Requiation and Mutation 55



H Critical Thinking

(BL Theorize

ASK STUDENTS: When you go to
a dentist for X-rays, why do
they cover you with a lead-filled
blanket? ¥-rays are a mutagenic
agent. The lead bianket profects your
lbody. espedially the reproductve

glands [ovaries and testes). from expo-
=ure to ¥-rays. because X-rays cannot
jpass through lead. The X-ray tech-

mician will often leave the room o

aunid exposure.

DATA ANALYSIS LAE =

About the Lab

* The environment you live in
contains many potential muta-
gens. The Ames test can screen
many chemicals quickly and

* Also see Maron, Dorothy M
and Bruce N_ Ames. 1933,
Revised methods for the Salmo-
nelle mutagenicity test. Mutation
Research 113 173-215

Think Critically

L The greater the amount of compound
in the culture, the greater
the reversion rate.

2. A is the strongest mutagen, producing
the mo=1 revertant colonies.

56 Chapler 2 = Maleculas Ganelics
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Hemoglobin & made of four polypeptide chams, which are two
sets of two identical chains. The molecule also contains a large carbon-
ring struactune that binds iron called the heme group. The substiuted
ghatamic acid s located near the start of one set of chains, as shown
In Figur Z2. Ghuamic acid is 2 polar amino acid, but the valine that
sobstitutes for it in sickle-cell dissase s nonpolar. Because of the
charge difference, the sickle-cell hemoglobin folds differenthy than noc
mal hemoglohin. The shnormal folding of the peotein caused by the
mmumation resuhs ina change o the sckle shape of the red blood cell
Numenms other diseases imeolve problems with protein folding,
inchading Alzbheimers dixesse, cystic fibrosis, dizbetes, and cancer.

Causes of mutation Some mmumanons, especially pomt munatons, can

oo spatanesishy During replicacion, DA palymerase sometimes
adds the wrong mucleotides. Because the DNA polymerses has a proof

VocasuLamry . L ¢ | reading funcrion, the wrong nuclectide gets added only for coe o one
WoRD DRIGIN | hundred thousand bases 1t goes unfived in less than one in one hillon
Mutagen T

Cermain chemicals and radiaton also can damage DA Substances
which cause mutations are called mutagens (MYEW tuh junz) Many
different chemicals have been classified 25 mMmzagens. Some of these
chemicaks affect DMA by changing the chenmcal smucrone of the bases.
DOften these changes case bases o mispair, or bond, with the wrong
base. (ther chemical rmiragens have chemical struciuses that resembile
naleorides so closely thar they mn substinge for them. Once these
imposter bases are moorporared mpo the DA, @ can nor replicace prop-
erhy. Thas rype of chemical has become usefal medically, especially o the
teeatroent of HEV-the virus that causes AIDS. Many drsgs wsed o treat
HIY and other viral indecuons mimic vanous nsdeotides. Onoe the drsg
iz incorponted in the viral DivAL the DiNA cannoe copy ftself properly.

DATA ANALYSIS LAB 2 \

comes from the Larin wond munsre, © |
meaning & change and from the :
Greek weord gemes, meaning borm ...

Based on Heal Data®
Interpret the Graph

How can we know if a compound is a muta-

gen? Tho Amos tost is Lsed to identdy mutsgens. m

The tost uses & stain of bactena that canmat mako nor

the amine achd histidine. The baciera are exposed

b a suspecied mutagen and grow on a medium .rd

without histidine. Thea bactenia that grow have a

madation called a reversion because they revened

to the natural condibon of making histidine. The

compaunds in tha graph wene Amas teshod.

Think Critically

1. Describe ibe relaionship beteseen the amount
ol the compound and the mutatian.

2. Analyze which compound |s e strongest
maiaganic Compound.

Collomies with reversss mutation
g
=

J 11 =

e covered vED Ames A T SRS [ o 100

Amaunt of compound per plate. (pgd

FLlaEr R CEH Sy (B REVAR]
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Demonstration *

Protein Folding Use both a coiled section and a straight section of telephone cord to
demonstrate the shape of a protein. If telephone cords are not available, use straight
and coiled shoelaces. Tell students the cord represents the chain of amino acids. Use a
coiled telephone cord to demonstrate the helical structure, called an alpha helix,
found in sections of a protein. Take the coiled cord and twist it into a ball shape.
Some proteins, called globular proteins, consist of this type of structure. Take a sec:
tion of straight telephone cord. and fold it back and forth on top of itself. Tell stu
dents this demonstrates the second most common type of structure of a protein,
called a beta sheet. Point out that most proteins have sections of both alpha helixes
and beta sheets. Est. time: 10 min
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High-energy forms of radiation, such as X-rays and gamma rays, are
highly rmmtagenic. When the mdaron reaches the DNA, dectrons ahsorb
the energy. The elecimns can escape their aiom, leaving behind a free
radical. Free radicals are charged atoms with anpaired electmons thae
react vialently with other molecules, inchiding DA Ulrasaolet (L)
radiation from the Sun contains lews energy than Xray raditon and does
not cause electrons to be sected from the anomes. Howeser, UV radistiom
can cause adjpceni thymine bases in bind to each other, disrupuing che
structure of DA, as shown i Figene 23, DNA with this simctore dis-
muypmion. ar kink, are unahle to replicace properly unless repasred.
Baody-cell v. sex-cell mutation When a mutation in a body cell, alo
called a somaric cell, escapes the repair mechanism, it becomes part ol
the genetic sequence in thar celf and 0 fumure daoginer cells. Somacc
cell muraions are nor passed on to the nexe generation. In soame cases,
the mmuratioms do noe canses problems for the cell They could be
sequiences ot used by the adule cell when che mustation occurred, the
mutation mighs have ocoourmed inan exon, or the muracon might not
have changed the amino acid for which it was coded. These nmmarions
are called nentral ratations. When the mmation results in the prodoc
tion of an abnormal protein, the c=ll mighn noe be able 1o perform s
normal fnction, and cell death might ooour Recall that murations in
body cells that cause the cdll cpde 10 be unregulsced can bead o canr
cer. Alll of these effects are contaimed within the cefls of the organism
as long ax only body cells are afected

When muaations ooour o sex cells, also clled germ-dine oells, the
murtanions ane passed on to the organism’s offspring and will be present
mn every oell of the ofspring. In mamy cases, these mutations do not
affect the function of cells in the organism, thosgh they maghs affect
the offspring drassically When the mutations result in an sbronmal pro-
teim in the sex crll, the offspring is impacted. Howewer, the offspring is
not impacoed when an abnormal protetn s proceced inan isolised
body cell.

Sectiond Review

Section Summary +  Understand Main Ideas

¥ Proliarpotic cells regulaio ther proten L LU Relabe gone wgalaton and madaions.

synifiess Hiroogh a set of gones called i Z identify the bwn main types of mutagens.

eSO :
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|.“ i e - Disgram how adding ladosn lo & rufurne tha for openon of E roll
wrous franscnpSon factors, f

i u.ﬁ'.ql froch andEMA bon, wsing hemogiobe 2 an oamp.
imerterence.

¥ Metations range hom paint mulssoens i the
dnigtion o movemam of lange sections of
o chromosoma.

¥ Metagens, such as chemicals angl radation,
AN CRED masiaiings

Think Critically

WCIYERETIE Biology

Y

E Critical Thinking
ECAEN N infer

ASK STUDENTS: Why is a
mutation in a sex cell considered
potentially more harmful than
one in a body cell? Unlive a muta-
tion in a body cedl, a mutation in a sex

cell could be passed on to the next
generation.

= Figare 23 Unasoet il i oo L
Sl il T T B 3 AT e
o 12 e CON RSl By Dacic, Maltin] e
Db “hish” el prermstling seprhoation.

Formative Assessment
Evaluation Prepare a quiz
showing a normal section of DNA
and a mutant section of DNA
ASK STUDENTS: Identify the
type of mutation that is shommn.
Answers will depend on the quiz mate-
rial, bud students should be able to
identify mutations in particular codons.

Remediation Obiain a table
similar to Table 3 but without the
caption or labels. Distribute copies,
and have students identify the
tvpes of mutations in the table.
Write the cormect mutations on the

#&. Analyzs how a posi mutstion can atiect the ceerall protoin shape and func.
5. Compare and confrast prokareic and cukaryotc gene regulzton.

+ 6. Ewplain why most musations i eokanyoles aie Fecesve.
v 1 Hypoaesize wiy DR replcation has such acouracy.

I- 8. Write an arficle describing how Hes genes regulate development in animaks.

board so that students can com-
pare their answers.
—
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Section 4 Review

on the phenotype.

2. redfiation and chemicals that change the normal structure
of DA

3. Diagram= shoukd show that milk tums on the production of

lactose-digesting enzymes.

4. Poirt mistation in a hemoglobin gene aeses the protein to fold

abnarmaliy.

N

‘L. Gene reguiation ordinanly ensures accurate replicabion of DA,
but pccasionally @ mutation occurs that has a significant effect

5. In prokaryotes, gene requlation is usually controlled by an operon;
regulation in evkanyotic cells invalves many regulatory genes.

B. Individuzls carry two alleles for each feature. it is unlikely that
both will code for mutant proteins, o the normal allele & wswally
expressad and receszive genes will be passed on.

T. DMA polymerase “proofreads™ the replication; repair systems fix
e DMA.

B. Articles should mdicate that Hox genes control cell differentiateon

in developing embryos.

Section d = Gens Pegulation and Mulation ST



Smudents will describe the pros
and cons of gene patenting.

Anticipatory Guide

ASK STUDENTS: What is a
gene? Tell shrdents that a gene is a func-
tional unit that controls inherited trait
expression that is passed on from one
generation o another generation.
Where are genes located in the
bady? Tell students that genes are
seqments of DNA. which are found on
chromosomes in the nuclews of every cell
m the human body.

Background

Scientists have linked genes called
connexin-26 and connexin-30 to
hearing loss. Some have proposed
that hospitals routinely test new-
born infants for these genes if the
newhboms fail their initial hearing
screening, much as babies are now
routinely tested for other condi-
tions. But because a company
holds patents on the connexin-26
and connexin-30 genes, organiza-
tions such as the Association for
Molecular Pathology warry thar
access to a vest for the genes will
be-and indeed, already has been-
limited. "Thus, this particular pat-
ent threatens not just individual
patient care and access, but public
health for the entire population,”
the AMP wrote in a May 2009 let-
ter to the chair of the Secretary’s
Advisory Committee on Genetics,
Health and Society at the National
Imstitures of Healch (NIH) Office of
Biotechnology Activities.

S8 Chapler 2 = Maleculas Ganelics

Who owns genes?

Can a compamy oan pas of the human body?
That k= an ethical debate that has raged since 1977,
when universEies and private companies frst
started secking patents on gonas. To date, about
40 percent of all human genes have been
patommicd This issus has made headlines sinca a
company patented the BRCAT and BRCAD genes,
mutations af which khove been linked to brenst
CAMCEr and oWvanan Canoer

Agriculiuryl gene patents have also sparked Sarca
oabate. Imrecont docades, companies have
modified the genes im mamy planis to incorporate
ihem with desgable trats, ssch as resistance o
diseases and pesis. Companites have recemed
patents on these modified plant genes.

What Is & patent? & patent grants the
euchusihie night io make a proft Srom thae sake-of an
mvontion. Oiten, people or busineszes hawve
imvested yoars and large amounis of money
resgarching and developing an invention. The
peodis thay recedve from hodding patesis halp them
recoup thedr investimenTis, as well as provide money
for fubuna resoasch

A patent on nabure Opponents angue that
patenting genes will hinder free and opon scieniific
resaarch and will haem patiorts Sookdng modosl
came. f companies own patents on genes, ey can
refuse 1o allow oiber sOenbsls bo use the genes in
ihpir wark, possibiy preventing impaortant
discoveries. The high cost of ganesic testing and
iherapies refated to potontod Qenos Can oator
patienis from recoiving troatmenls

Agricultural implications agricuitural gena
patenis pose an adoiSional probdem for farmars

If wands or animals bring seeds containing
patented genes o the felds of a farmer who has
nat bowght the rights 1o uso those seods, the
company who holds the patent can sue the
farmae

B8 Chager 2 + Wk Ganeis

Coan

Acwarad th worli, i Sl o S Sdeten 1 This el o ol
gureiaally medfed plants 5oning,. Sopbrar and LT S5 Divl OSgE
That aew han gesetically modified

in the past, farmers have lost these oot cases.
even thaugh R/ ks impossibie o0 siop natural foroes
froen transferming seods

A companies cosinee bo seek patents on genes,
the debate is certain o cantinue. For now, the
pateniing of ganes is legal. Bt in the future,
ethical and praciical consicerstions might saing
the penduusn e abhor way

@IZINEET) Biology

Research Howe students further
raspasch the isua of gone patenting.
Dovide the class inbo fweo toams, one for
pens paienting and one against it and
siage & doebato

ey L o O e 8 s s gt |y e P i e s i e R

L DEBATE ind: 1170

Activity If students do not know how to begin their research on this topic,
suggest that they type the keywords “gene patenting” into an online search engine.
They also could search the database of the USPTO to find its ruling on gene patent
ing. {Check this citation: Federal Register: [anuary 5, 2001, Volume 66, Mumber 4,
Page 1092-1099.) Position statements on gene patenting can be found on the

Wb sites of various organizations, such as the American Medical Association, the
Association for Molecular Pathology, and the American College of Medical Genetics.
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BIOLAB

FORENSICS: HOW IS DMA EXTRACTED?

Backgroumnd: DHA tests are important for
bivlogists, doctors, and even detectives.
Imagine that you ane working in a b where
someone has brought a sample of com from a
crime scene o be analyzed. You decide to test
the DMA of the corn to leok for genes to identify
the type of corn. Before the DNA sequence can
b examimed, the DHA must be extrached.

Question: How can DA be extrocted?

Materials

com kemels (50 gl

beakers (2}

blender

chersecloth (4 squares—3} am on each edge)

mubber band

glass spooling hook:

homugend mation mediom {100- 150 mL)

plasiic centrifuge mbe {30-50 ml)

comtact lens cleaning tablet (containing
Fapami

5% ethanod (12 mi)

chistilled water (3 mil)

et e

container of e

wiater bath at &0MC

stirring rod

mmer or chock

Safety Precautions:

NSO PE. Y
EM

Pracedure

L [dennify the safery concemns of this lah
before wark begine

2. Carefully weigh out 50 g of com kemmiels,

3. Place the com kermels ineo 3 beaker and
ooveer with homogentrarion medivm tha
has been warmed 1o 60°C. Place the besr
loer in 3 60PC wiater bach for 10 min
Gently soir every 45 &

4. Remove the beaker from the waver bath
and chill quickly in an ice barh for 5 min

5. Pour the mixrure inro a blender and
homogenize, or blend, o achiewe 3
CONSISTENL [EXTIPE

b. Filrer the homogenized miscrure through
four Lyers of cheeseclonh inco a clean
Large beaker on e,

7. Pour 15 ml of the flmane nao &

050 ml plastic cemmrifigge rube,

B. Dissolve one contact bers cleaning rablet in
3 ml of disrilled wares n-a test ruhe. Add
this 1o the fihrane nbe and mix gencly

9. Hold the filirae robe at an angle and
slowdy pour 12 mi of cold 95% echanod
diven the side af the mube

10, Observe che DNA nsing tngo the acohod
layer as a cloudy suspension of white
mrings. Lke 2 booked glass rod o spoal
the DA, and allow i1 vo dre

11. Cleanuep and Misposal Clean yoor lab
area, disposing of chemicals and marenials
as direcved by your teacher. Be sure m
wizh vour hands when you are finished

Analyze and Conclude

L. Describe the appearance of the DA in
suspension and once it has dried

2. Explain why you pur the corn kerniels
tnao the blendes.

3. Think Critically Why is it mponano
nod o conramnae 3 ample of DA tha
is 't b seqquenceds How would vou know
if wour bad contaminmed vour sample?

ot 2ee ALY Biology
Repert Imagine you are the lew researcher 1o
exaract DA Brom corn. Wrine 3 report detailing
viouir mirthids and pole JpPECIions ol Yol
discowery

Analyze and Conclude

1. Answers will vary. it lnoks ke white thread in

SLISpENsain.

2. Thi= physically break=s open the cells and releases

their comtents.

3. If the sample is contaminated, DMA from another

substance I'I'l.'g‘l'l‘l be present.

BIOLAB

Est. Time 50 min
Content Background

Extracting DMA from com kernels
and other plant tissues involves
breaking the tissues apart and then
breaking down the cell to release
DNA from the nucleus. Heating and
homogenizing break down tissue
and cell walls. Detergents break
down the outer cell and the nuclear
membranes and release the DNA
from the cell Enzymes are added to
degrade proteins and make the
DNA molecules easier to spool
Finally, the DNA must be precipi-
tated ourt of solution, using erhanol.

Alternative Materials
95% isopropyl alcohol can be

substituted for ethanol; meat
tenderizer can be substituted for

the contact lens cleaning tablet.
Safety Precaution Discuss the
safety concerns of this lab before
work begins.

Teaching Strategy For homog-
enizing medium. mix

25 g 805, 4.4 g NaCl, 2.2 g sodinm
citrate, and 0.15 g ETDA. Add
distilled water to make 500 ml

Alternative Teaching Demo
If you run out of time, show s

dents the video lab as an alterna-
tive to performing it themselves.

Cleanup and Disposal Have
students dispose of unused com
and husks and used cheesecloth
in the regular trash. Dispose of
liquid wastes down the drain to
3 sanitary sewer.
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Chapter " 9

THEME FOCUS =

(AT DM is the genetic material that contains & code for proteins.

timn 1 DA The Gartic Makoral

[ITHER The discovery that DHA ks the genetic code imvobved many
nutieoaanma EpaTEmenis
« Griffich’s bacterial experiment and Avery's explanaion: first indicaced
thar DNA is the genecks manerial
# The Hemshey Chase experiment provided evidence thar DNA s the
generhc material of virases.
» Chargaffs nule smees that in DNA the amoun of cytosine equals the amoum
of guanine and the amouns of thymine equals the amoune of sdenine.
« The work of Warsen, Crick, Franklim, and Wilkins provided evidence of
the double-belix srnscmure of DNA

Sac

Soction 2 Repliatson of DMA

eSS vl i gcation [ZIHEN DA replicates by making a strand that is complementary to
[T e — wach originad strand.
Ohaiaki hagnemt « The enzymes DNA helicase, RNA primae, DNA polyviserase, and DA

ligase are involved 1n ONA replicarbon.
# The leading mrand 15 symrhesized concimsowsly, bur the Ligging surand is
synrhesized disconvinowshy, forming Okazakl fragments.
» Prokanyoric DNA opens at a single orgin of replicacion, whereas
sukarvoric DA has omelople areas of replicaion.

Sactien 3 DMA, FMA, and Prodein

- [T DMA codes for RMA, whach guites protein symthesis.

mussenger BMA + Three major types of RMA are ivvolved In procein synichesie mRNA,
ribamai BNE IRMA, and rRNA.

tranaher EMA « The symehesis of the mANA from the templave DA is called wranscripuion.
Lramseriptiz « Translation is the process throwgh which the mENA attaches o the
:.'_.*H ribosome and a provein i asembled.

T & In eukaryores, mENA comains incrons thar are excized before leaving the
TR, nuclens. A cap and poly-A @il are added 1o the mENA.

= One gene codes for one polypeptide

[THE Gene expression is reguiated by the coll, and mutations can
apeion affect this expresssorn.
rmAstian # Prokanyotic cefls regulate chedr procein synithesis through a set of genes
milagen called operons.
& Enkaryorks cells regulane their protein synrhesis using varous Dranscripebon
factoms, sukaryoric nucleasome sructnes, and BENA interdference
& Muraions range fram poln nmmackons oo the delevion or movement of
large sections of the chromosomee.
& Muragens, such as chemicals and radiation, can cause murarions.

i g e e

68 Chigled 2 +Shaly Gl
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Chapter© 2 Assessment

Vocabulary Review
Each of the follnimy secenoes i false. Make the sen-
revow arawe by replacrg the underfined nuerd eieh che
rowmet wocsbulany rerm from the Soudy Guide page.
L. The rwisted ladder shape of DA is called 2
nuckeotide

2. A double hebix consises of DNA wrapped around
the histone proceins

Undersiand Main ldeas

3. Whan are the basic building blocks of DNA
and RNAY
A ribose
B. purines

C. nucleotides
D. phosphors

4. If 2 secrion of DA ha 27 percent thymane, how
mach cyinsine will it have!
A 23 percent C. 446 percent
B. 27 percent D 54 percent

5. Which was a conclusion of Griffinh's work with

Sarpprococms. premmoeine’

A DNA is the genetic material in vineses.

B. The stucture of DdA & 2 dowble helix

C. Bacvenia exposed w DNA can incorparase
the [¥4A and change phenooype.

D. The amount of thymime squals the amoom
of adenine in DA

Refer o the figure Below o answer questiong & ormd 7.

Constructed Response

B. Short Answer Explain bow DNA fomms cho
momames in ek aryoos cellc

Lise tibe figure beloo o arswer question @,

[ THEME FOCUS Scimntific | Summarize the

experiments and dara shown o the photo tha
led w0 the dizcovery of DA

Think Critically

10, Design How mighs you wse radioaotive phos-
phoris o demonsarate thar the ransinmng
compound of bacteria in Griffith’s experment
was DA

11. mm How would the resalis of the
Hershey-Chase expeniment have been different of
protein were the genetc maredal?

Section2

Vocabulary Review
Wirie o sevteroe definimg sack of the follons mg
nocafrlary corms

i[ 12. DNA palymerase
r1 » 13. semicanservative replicanion
4
[ 14, Chcazaki fragnoena
a4
=r 6. Whas & the entire Lbeled stnacoure called Understand Main ldeas
"
4 :- ;::.:nn:u:h E b 15. ‘Wich whaz does the synthesis of 2 new srand of
1 . - phonphate DA begin
3 7. Which kbel represents the coding pam of A. EMA primer
: Daaz B. mucleodde on
t A A £ C. messenger BRA
| B. B DD D, rransfer RMA
Chaptor 2 = Aiseiamed &1
Section 2
Vocabulary Review Understand Main ldeas
12. DMA polymerase is the enzyme that facilitates 15. A

DA replication.

13. Semiconservative replication i the method by

which DN& makes copies of itself.

4. Okazaki fragments are short strands of new DNA

produced during the replication of the lagging

stramd.

Assessment

Section 1
Vocabulary Review

1. double helix
. nucleosome

Understand Main ldeas
it
4.a
5C
6. A
LC

Constructed Response

8. DMA coils around histones to form
nucleasomes, which coil to form
chromatin fibers. The chromatin
fibers supercail io make
chromosomes.

9. Franklin took the photo using the
¥-ray diffraction technique, The cinde
shows the twisted shape of the rails
of the DA “ladder” The X indicates
where the bases cross, forming
“rungs” of the twisted ladder.

Think Critically

10. By radioactvely labeling the smooth
bacteriz DMA before they wers killed,
one could track the radisactive DHA
as it was picked up and mcorporated
by the roagh bacterial celis.

. They would have found that it was
radioactive sulfur that was passed
from generation 10 generation in
the virus rather than the radioactive
phosphorus found inthe DIRA.

Chapler 2 = Assecsment B



Understand Main Ideas
16. B

Constructed Response

T7. DM helicase unmips the DNA,
RNA primase adds a short RNA
pramer, DNA polymerase places the
proper complementarny nucleotde
mio place, and DMNA igase links
the Okazaki fragments together.

18. Diagram should show the leading
strand and the lagging strand and
mclude labels for DA polymerase,
DM helicase, Okazaki fragments,
and DMA ligaze.

Think Critically

15. In bactenia, ther &= one origin
of replication, and replication
proceeds in both directions. in
eubanyotes, there are mulipie
onigins of replication alomg the DNA
sirand, =0 this is @ eularyotic cell

20. Eukaryotic chromosomes can be
composed of up to one million
base pairs. DA replication can
procesd at a faster rate with
multsple areas of replication.

21. One strand of DMA serves as a
tempdate to make the matching
strand. The matching strand =
made of complementary bazes.

Section 3
Vocabulary Review

22. mRMN& contains the code from the
DA, strand; tRMA& has anticodons
that correspond to the codons on
the mRMA strand.

23. RMA polymerase catalyzes the
transcription of mRNA, which
contains the codons that are
translated into aming acids during
transiation.

24. Introns are the parts of pre-mRMA
that imtermupt the code contained
i the exons.

Understand Main Ideas
25.C
26. B
X7 A

B2 Chapler 2 = Assessment

Chapter 2 Assessment

16, Which is mmue abouor the elonganon of the hgging
srrand!
A, does not requare a wemplare strand
B. produces Okaraki fragments
€. requires the action of RMA hgee
0. procesds by contimally adding nucleotides
w the 3 end

Constructed Response
17. Short Answer Lis the encymes mvobeed in
replication and describe their fanctons
18 Sunmmarze the process of DNA epl
canion i a diagram. Add labeds w explain
what is happening

Think Critieaily
Lise che figure Belooe (o ansmoer questions 15 and 20

19. Determine imagine thar you are 2 scientiso
looking @ 2 cell throwsgh 2 mécroecope. You see
DMA replicaring in several areas. Devenmane whar
type off cell you are looking ar based on the onigins
of replication.

20. Hy pothesize why it is imponast for the DNA in
the Bgure o have multple angns of replication

sible for semiconsenative replicaion.
Eur:lini'li—"-—

Wocabulary Review
Wit @ sentence thar comaerts e pocafwalery tonms in
vach par.

ZZ. mRMNA - (RNA

62 Chipta 2 & Lol

21. Infer how complemeniany base paizing is respon-

23, codion ~ RNA polymerase

4. inaron - £xon

Undersiand Main Ideas

25 Which comecly lists the changes to eukaryaric
pre-mENA o form mRNAT
A cap added, introns excised, and poly T il added
B. capadded exons excised, and poly T rail added
C. cap added, introns excised, and poly A wadl added
D. cap added, sxons exciosd, and poly A il added

Lise nhe figure beiony to ansuer guestions 26 and 27

T A € & A &8 £ T & & A A

26 Whan = the mBENA srquence for the templae
strand [NA ssquence in the figure!
A 5 ATOTTTGATCTT 5
B. 5 AUGLAUUGADCUL 7
C. 5 TACAAACTAGAA T
D 5 UaCaanCUAGAA &
27, Whan 15 the sequence for the nonemplace srand
of the DA i the Bgune?
A 5 ATGTTTGATCTT 3
B. 5 AUGLULGALNCULY ¥
C &5 TAaCAAACTAGAA ¥
D. 5 UACAAACUAGAA ¥

Constructed Response
28 Short Answer Compare and comimass franscrip-

win and wanslarion. Indicate where they ooour in
prokanvotic cells and eukaryonic cefls

20, [ITKEN Describe the experiment that led o
the One Gene-One Emryme hypothess

Think Critically

30. ldentify the mENA sequenoe and onientation
if the noncemplace strand has the ssquence
5 ATGOCAGTCATC ¥, Lise Figune 38 10 detenmine
the aming acid sequence coded by the mBENA

g L B i i it

Constructed Response

28. Transcription inwolves the opening of the DNA
and the synthesz of a complemantany mRMA
strand to the template strand of the DMA.

28, Mold spores were mutated by exposing them

to X rays. If the mutated spore could not grow
on a minimal medium, it was tested to see
what amino acid it lacked.

Translation imvolves making a protedn from Think Cl'i'lil:lll‘r
the mRNA and occurs i the oytoplasm on a
rhosome. In prokanyotes, hoth transiation 30. 5" AUGCCAGUCALIC 3'; amino acid sequence:

and transcription take place in the cytoplasm,
snce they have no nudeus. n sukanyotes,
transcription takes place in the nuclews and
translation takes place in the cytoplasm. In
both, translation takes place on the ribosome.

methicnine {starf}, proline, vafine, isoleucine
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Vocabulary Review
Write the vocshulaory rere from the Study Guide poge
rhae desoribes eoch of the folfomimg processes.
31. regulation of 3 prokarvotic genome
32. conerod of the functional units of D
33, clanges in DA sequence

Understand Maln ldeas

34, Which demansirares an msemion mmecarson of
the sequence 5 GGGOOCAAA 17
A 5 GGGEGELCAAA Y
B 5 GGGOCAAM ¥
C 5 GGGAMACCC ¥
O 5 GGGUICAAAAAA ¥
35. Which is true aboar eukaryotic gene regulation!
A Eukaryouc gene regulimion is exactly ke
prokarvocic gene regularion.
B. Replication fGomrs guide the binding of
eukaryotic RMA polymerase w the promorer.
€ Activaror proesins fodd DA to enduncer sies
that increase the race of gene transmisshion
D. Repressor proteins bind to activarors, pre-
weming them from hinding 1o the DA

36&. Which is not a rvpe of mutazion
A base substitutiens €. RMA imerference
B inzemions D wranslocation

Constructed Response
7. Short Answer llustrate the effect of adding
rryvprophan to a culture of E. oot

3B. Short Answer [Decmbe RMA inteference

Think Critically
39. Infer why baze subminmsons in the thied
posintin are beast likely 1o cawse a change in the
aminn acid for which i coded

40 Hypothesize how @ might be possi-
bie for bacieria oo respond 1o envinonmental

stress by mereasing the rave of matations during
cell division.

o
Chapter 2 Assessment

Summative Assessment I

41. Erplntﬂlem!d:gmnf
procein symchesis.

12 (CIEETTD Blology The dimcovery of DNA

and s mructore required many sCienises o

thar required scienmises o build on ochers find-
ings to produce resuls.

43. (I Bislogy The book furassic Park
by Michael Crichoon presenas the sdea of tsolat-
myg DNA from excnct organisms and “resurmect-
mg" them. i thix were possible, should this be
done! Defend your opinion in an esay.

Document-Based Questions

D oesarweert o W, (0 e i, L TR et
Mz ol Aans ko Jesiaw T T37-TIE

The following excerpts are from Wason and
Crick’s descriprion of the stnscoure of DA

“The novel frarune of the strucmene i che manner

mofch the muo cheins are beld cogether by dhe parine

pendiceor 1o che fibre axis. They ane joied together

i pairs, @ simgie hase from oor chain being hydmgenr-

Bondad 1o a single Bawe from ehe aoher chain so char

the 1o lie side by Sde ok idemrion! 2-oo-ordieenes.

O of the pair maest be a purine and dhe ocher o

Prprinmidiree for boncdiog w0 ocour.”

“Ir faxs ot escaped our nodice char che specific paining

e hane posalred dnmedionely suggests @ posiide

copedng mechaman o the genenic meerial *

44, Draw a diagram of DMA stnacrore besed on the
descripoion ahove.

45, According to the description, bos are the bases
joined togethert

46 What dad Warson and Crick see 25 2 possible
copying mechanism?

Chiptar 2 » kwrine B

Document-Based Questions

45. Cytosine bonds o guanine and thymine bonds to

denine.

Wason, . D, and Crck, FH. 550 Mosouior Truces of Sedked J00%. Mo

TR-737-738

44. The diagram should show the

side rails of sugar bonded to phosphate. The
steps of the ladder are thymine double bonded
[hydrogen bonds) to adenine and cytosine triple

borded (ydrogen bonds) to guanine.

46. The hydrogen bonds could break and the

parental strands serve as a template for the

synthests of new strands.

Section 4

Vocabulary
1. operan

34 gene regulation
33. mutabtion

Understand Main ldeas
34.D
35.C
36. C

Constructed Response

37. Tryptophan acts as a corepressor,
binding 1o the inactve repressor,
activating it, and shuiting off the
enzymes needed ko synthesize
tryptophan

38. RNA interferance invotves small
piaces of RMA that bénd o mRMNA
and interfere with its expression.

Think Critically

39. The third position for many amino
acids could be amy of the DNA
codes, and & change in the third
position will not change the amino
acid for which it coded.

40. fccept any logical hypothesis.
Answers might include reduction
in the amount of checking
enzymes produced, Increased
mutations might lead to an
adaptation that increases chances
of sunnval under changing
emaronmental conditions,

Summative Assessment

#41. The central dogma of protein
synthesis is INA codes for RMA
and RNA guides the synthesis of
prokeins.

42. Answers will vary, but should
involve a sitsation where people
used teamwaork to detesmine or
answer 8 commaon question,
problem, or activity.

43. Answers will vary, Students
should defend their opinions.

Chapter 2 = Ascessment



Standardized Test
Practice

Multiple Choice Aligned with
PISA & SAT

1 A 5D

A 6. A

3.C TC

4 A 8 C

Short Answer Aligned with PISA
& SAT
8. The law of independent
assartment states that a random
destribution of alleles ocours duing
gamete formation. Thersfore, a
dehibeid cross of YyRr would

e ¥ R W

YR | YRR | vvRr | viRR | viRr

s ¥YRr | V¥ | ViR | e

¥R | YRR | YeRr | R | pRr

o | v | Yr | oaRe | e
produce a phenotype ratio of
9331

the link between technology and new
understandings of INA. For example:
¥-ray diffraction was a technique for
taking pictures of molecular
structures. Frankin used this
technigue to fird that the DNA
miolecule had a double halix shape.

M. Coat variations that oocur only in
females are likely caused by dosage
compensafion. The degree of
expression would depend on the
number of alleles present in the
females. Sex-linked genes do not
Ekely cause the effects, un
genes are not expressed or are iethal
m males

12. The genotypes homozygous for both
traits are RRYY, RRyy m¥Y, and sy
The homozygous genatypes are 25%
of the total. The easiest way to
determine the percent of offspring
homozygous for both traits would be

=55 the

o use a Punnett square.
13. Mendal’s work showed that there ae

B4 Chapler 2 = Asseszment

14

Standardized Test Practice

Cumulative

Multiple Choice
ned with PISA & SAT

1. Which macromolecule can be formed using the
sugars produced by plams during photosynchesic!
A cellniose

B. DA
C lipid
DL protein

L et afiagranm belowr ro oresnser questions 2 and 3

2. Whach stape of mewss is represenced in the
diagram!
A anaphase |
B. anaphas= Il
€. metaphase |
D meaphase 1l

3. Which process can take place dunng the stage of
melosis that follows the stage in the disgram?

change to dipload

CIOSSINE OWer

cyrokinesis

DA replicarion

BERE e

4. What enzyme 5 responsible for “umeipping” the
DA strand during replicacion?
A, DMA helbcase
B. DNA bgae
C DNA polvmerase
D. RMA primase

G4 Chapbar 2 & Aucosoment

L rie iMustracion bebew to ansuer goestion 5.

5 Bl W O B et

5. Whach sequence is passible for mERNA formed
fram the DAA stand shown m the ilusrracon?
A SAATAGAATAGTAT
B S'AAUAGAALIAGLIAT
C. SATGATAAGATAAT
D S'ALGALAAGALAAT

& Which cells would likehy undergo apopeosis!
A cells between fingers
B cells reproducing nommally
. oells reproducing slowly

O cells summumnding the heart

7. Whach genorype could be the one of 3 person

whoss blood type i A7
AP

B. &
c M
o MF

B. Which sex chrmomasomes afe present ind person
with Kleinfeler Syndromel
AL OY
B. X0
C XY
D XYY

a1 i

i

wery regulas patierms for inhesitance, so it opened
up questions about what causes these patiems.
The organizm would have five chromosomes in its
karyotype. Monosomy is the absence of one
chromasome from a pai. The organism has a
chromaosome number of 2n = B, or six chromo-
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Short Answer . Extended Response
Aligned with PISA & SAT Aligned with PISA

9. Using the bow of independent assootmoent, describe
a dibwhbrid crosx of hetermaygous vellow, round
seed pea plams (YyBrl Include a Punpent squane

and phenotype ratios in your response.

1@, Give an exampie of 2 technological developmen,
and explain how ir conerinmed m sclencens’
understanding of the structore of DA

1L ‘Which prohably canses the coar color vanaons tha
oocur andy i the females of 2 cemam anmul Greee a
PESON [0 SUppOet your conchsion

12. Suppose you perform a dibybrid cross between
e organisms with the gemotype Rriy. Whan
percentage of the offspring would be homorygous
for both traies? Explain how yoo determined the
answer

13. ‘Why do vou think Mendels work preceded the
search for malecules invaheed in inhertance?

14. Suppose an arganism (with a chromosome member
of 20 = #} has mo nosommry of chromosome 3 How

many chremosomes are in the organism’s karvooype!
Explain your answer

Lise vhe figune hedous to amsmer guestion [7

0

R
K

A ]
I7. Describe the pattern of inheritance of the disease
tracked in the pedigree abave.

18, Human nerve cells seldom divide after they ane
formed. Evaluae how this mighn affect a person
with a spimal cord imjury

19. Explain the role tha publicavion of findings had in
the discovery of DNA structure

oy Uueston

Aligned with PI1SA
For cemain kinds of research soudies. scientisas
recruit pairs of rwing o be panicipants ar subjects
of the research. They méght recrudt sdencical or
fratermal rwins, depending on the focus of the
study. Twins can be pamicolardy helpful in stodies
abost genetics and heredimy.

E Lising the mjrmaion in the peragroph abooe, oeser che

[oifousing guesion & exsay .

15. Explain why the number of bases in 2 strand of
miNA can be differemn from the msmber in the
DA from which it was synchesized

6. Explain why a hypothesis must be vesable

i 20. bmagine you are a ressarch soentise Wine 2 plan

for a pesearch stsdy thar would requare partick
pants v be twins. Explain whar you are mrying o
learn, whether you are looking for idenrical ar fra
ternal rwing, and why i is imporman o have
rwins as subjerts for your stody

Chapter & docisoman  B5

Essay Question Aligned with PISA

20, Armwers can vary. Students should clearty state:
the purpoze of the study and the reason for
having twins ivohlved. For instance, students
might propose doeng reseanch about 3 health
izzue. They could propose doing reseanch ona
dmaase that is caused by bath genstic and
emaronmentsl faciors, such as hean disease of
diabetes. The study could alse pertain bo obher
heaith issues, such as the development of
behavioral characteristics or complex physical
charactenstics such as height and weight.

Identical kwins could be useful fior the study

because they are genetically the zame. Differences
between dentical twins presumably come from
envronmental factors, becawse there are no
genetc differences betwesn the twns. On the
other hand, fraternal twins can be induded na
studhy to show which irads are affected by genetic
factors. Fratemal teins are genetically ddferent
but can hawe simitar environmental factors in their
upbringing. Consequently fraternal twins can

e be useful in a bain study

somes. The loss of one chromaosome
woubd give a fotal of five.

15. Introns that are not needed for
coding of proteins are taken owl of
the mRMNA sequence. Also, a chain
of adenine nucleotides might be
added 1o the 3" end of the chain.

16. & hypothesis is a tenfatve
explanation for a specific research
question about a phenomenon.

A yypothesiz must be testable in
arder to determine if it is a vaiid
axplanation for the phenomenon.
If a hypothesis is not testabde, it
cannot be supported by evidence

Extended Response Aligned

with PISA

17, This is a sex-linked disease and
the gene causng the disease iz
recessive, it & sex-linked because
the disease itself appears much
mawe frequently in males, while
females are wsually just carriers of
the gens for the disease, mdicating
that they have another gene on
their second X-chromosome that
is dominant and covers the gene of
the disease tracked in the pedigres
The gene causmg the disease
tracked in the pedigree is recessive
because it can occur only in femates
who receive the gene for this
dizease from both parents.

18. The damaged nerves in the spinal
cord would not be able to repair
themsehes by dividing and making
new nepve celis. This means that
a spinal cord inury is usuay
permanent.

18, Answers can vary, but should
describe how the publication of
Watson and Crick’s ideas about
structure, in addition fo Franklin's
publication abowt her findings about
the shape of DNA, made the double
helie public knowledge in the
scientific community. This, in turm,
made it possible for others to try
replicating their findings, or io
determine whether the findings
agreed with other evidence about
DMA's structure.
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For students and parents/guardians

Investigation and experimentation are key
components of your biology class. Use this ref-
erence to learn lab technigues thar will
enhance your lab experience. Laboratory safety
is wital 1o a successful investigation and experi-
ment; we've outlined basic laboratory safery
principles here.

The skillbuilder handbook helps vou
sharpen your problem-solving skills so you can
get the most out of reading and understanding
scientific writing and data. Improving skills
such as making comparisons, analyzing infor-
mation, reading time lines, and using graphic
organizers also can help vou boost your test
SCOTes.

The reference handbook is another tool that
will assist you. The classification tables, word
origins, and the periodic table of the elements
are resources that will help increase your com-
prehension.

Table of Contents

Reference Handbook
Six-Kingdom Classification_.___. RH-1
Three-Domain Classification. .. RH-5

Scientific Word Origins . RH-&
Periodic Table of the Elements... RH-8
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Six-Kingdom Classification

The classification used in this text combines information gathered from the systems of many different fields of
biology. For example, phycologists—biologists who study algae—have developed their own system of classifica
tion, as have mycologists-biologists who study fungi. The naming of animals and plants is controlled by two
completely different sets of rules. The six-kingdom system. although not ideal for reflecting the phylogeny of
all life, is useful for showing relationships. Taxonomy is an area of biology that evolves just like the species it
studies. In Table 1, only the major phyla are listed, and one genus is named as an example. For more informa
tion about each taxon, refer to the chapter in the text in which the group is described.

Six-Kingdom Classification

Actinobacteria Mycoboctanium = unicellular
= most absorb food from surroundings
Orribactens ol P = come are photosynthetic
{saimonedla) = spme are chemosynthetic
- * many are parasites
Spirochaetae Trepanema * many are rgund, spiral, or rod-shaped
[spirochetes) # some form colonies
Chiorooybacteria Prociloron
S Cyznobactena Nostoc
(blue green algas] mirstod)
Aphragmabacternia Mycopiasma = unicellular
= some absorb food from surroundings
= spme are photosynthetic
. 2 * spme are chemosynthetic
Halobactenia Halobacterivm o ooy s Foid ek lowsh
emvironments including salt ponds, hot
springs, swamps, and deep-sea hydro-
Methanooreatricas Methonobocilus thermal vents
Sarcodina Amoebo = pnicellular
[amoeha) {amoeba) = take in food
* free-living or parasitic
* move by means of pseudopods
Ciliophora Poromecitm = unicellular
[ciliates) {paramecium) = take in food
= have large numbers of cilia
Apicomplexa Plosmodium = pnicelular
{apicomplexan) {plasmodium) * {ake in food

* nio means of movement
* are parasies in animals

*In the Kingdom Plantae the major phyla are referred to as “divisions”

RH-A  Beference Handbook
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Phylum/Division®
(Common Mame)

ahvera, i B P o L e, (TRl oy Pl e o P i Bl e

e i

(1) Dl B P bl B

Pl o sl o i

Cogrer i

Loomastigina
{zooflageliates)

Euglenophyta
{euglenoads)

Bacillariophyta
{diatomis]

Pyrrophyta
{dinofageliates)

Rhodophyta
{red algas}

Phaeophyta
{brown algas)

Chilorophyta
{green algas)

Bcrasiomycota

{cellular slime mokd)

khroomycota

{acellular slime mokd)

Oomycota
{water mold/
dhovemy mildew

Tryparnosomo

Einglena

{euglena)

Novicuw'o

Gomowox

Chondrus

Lominaria

Dictyosteivm

FPhysorum

Phytophthora

= ynicellular

* fake in food

* free-fiving or parasitic

* haye one or more flagella

= unicellular
* photosynthetic or take in food
* mosl have one flagellum

= unicellular

* photosynthetic

* hayve unique double shells made
of =ilica

* pnicellular

* photosynthetic

# contain red pigments
* have two flagella

* mast are mutticeliular

* photosynthetic

= coatain red pigments

* most live in deep, =alt water

® most are multicellular

= photosynthetic

= contain brown pigments
* most live in salt water

# ynicellular, maulticetiular, or
codonies

* photosynthetic

* contain chionophyll

* [ree on kand, in freshwater, or
salt water

* uniceliular or multicellular

* absorb food

* change form during life oycle

= cefiular and plasmodial slime
meodds

= muiticefiular

* are either parasites or
decomposers

* [fee in freshwater or salt water

“In the Emngdom Plantae the major phyla are referred fo as “divisions.”
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*In the Kingdom Plantae the major phyla are refemed to as “divisions.”

RH-3 Reference Handbaok

Iygomycota Rivropus » multicellular
fcommon modd) {bread maold) * abcorh food
= spores are produced in
sporangia
Azcomycota Soccharomyces = unicellular and multicellular
{=ac fungi) fy=ast) = shzorh food
* spores produced i asci
Basidiomycota Crucibeium * multiceliular
{club fumgi) {bird's mest fumgues) * shoorh food
# spores produced in basidia
Deuteromycota Pemicilivm * members with unknown repro-
{(mperfect fungij {penicillumy ductive structures
= imperfizct fungi
Chytridiomycoda Chyinidium * spme are saprobes
{chrytid) * some parasitize protists, plants,
and animalks
Hepaticophyta Monosolenium = multicellular nomascular plants
{Iverwaoris) |Pedlia) # reproduce by spores produced
Anthocerophyta Anthoceros e in capsules
|3 orts) green y
= qrowe in mosst, land
Bryophyta Podytrichum environments
[moss) {haircap maoss)
Lycophyta Iycopoditm = multicellular vascular plants
{club moss) wolf's claw) # spores are produced in
cone-fike structures
Lprw = |ive on land
* photosynthetic
Arthrophyta Equisatum # yascular plants
{horsetails) * ribbed and jointed stems
* srale-fike leaves
* spores produced in cone-like
structures
Pierophyta Folypodium = vascular plants
{fems) {ferns) * leaves called fronds
= spores produce in clusters ar
sporangia called sori
* ive on land or in water
Ginkgophyta Girkgo * deciduous trees
{igEnko) fginko) = only one living species
* have fan-shaped leaves with
branching veins and fleshy

cones with seeds

Cagryrighe O A Cor s Pl B blon 1) "igluiary F b i Ph o A o i 0 00b Ll B sl 7o b, (e oo b, b S g o
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Cycadophyta Cyos * palm-like plants

{oypcad) (palm treay * have large, feather-fke leaves
* produce seeds in cones

Coniferophyta Finus = deciduous or evergrean

{conifer) [pine tres) * frees or shoubs

# needledike or scale-like leaves
® spads produced in cones

Gnetophyta Welwitschig # shrubs or woody vines
{gnetophyta) [wehwitschia) = seeds produced in cones
Wehsiischiz * division contains only three
genera
Anthophyia Rhododendron = dominant group of plants
{flowering plant) [rhododendron) * flowering plants =)
* have fruit with seeds g E.,
Pogifera Spongilia * aquatic organisms that lack true = E
{sponges) [sponge] tissues and ongans O m
* geymmedrical and sessile g E
Cnidaria Hydro * radially symmetrical = m
{cnidarians] [hydira) * digestive cavity with one
opening
* most have tentacles armed with
stinging cefls

® [fve in aguatic environments
singhy or in colonies

Platyhelminthes Dugesio = unsegmented, bilaterally
{flatworms) {planasiz) symmetrical
* no aody cavity

* digestive cavity, if present, has.
anly one apening
* parasitic and free-living spedes

e Bty il iy i S o

Hematoda Trichinelfia = pseudocoelomate, unseg-
{roundwonmes) {trichinella) mented, bilaterally symmetrical
* fubular digestive tract
= without cilia
# [ree in great numbers in soil and
agquatic sediments

Mollusca Moutius # soft-odied coelomates

{miollusks) (naurtius) # hodies ane divided into three
parts: head-foot, visceral mass,
and mantle

® many have shells
* almost all have a radula

* aquatic and terrestrial species

TR T e PR [ BT

w P peb ok o gy, § L

“In the Kingdom Plantae the major phyla are refemred to as “divisions.”
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| Animalia jcontinued)

S dodlar
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e —
([Commen Mame)

Annelida
[segmented wonms)

Arthropoda
[arthropods)

Echinodermata
[echinoderm)

Chordata
[chordates)

Chordata Subphylum:
Urochordata

Chordata Subphylum:
Cephalochordata

Chordata Subphylum:
Vertehrata

Typical Example
[{Common Mame)
Hirudo
[leech)

Colias
[butterflies)

Curcarmario
[zea cucumber)

Polycorpo
[=ea squird)

Bronchiosioma
[amphimus)
Ponthero
[panther)

“In the Kingdom Plantae the major phyla are referred to as “divisions"

Three-Domain Classification

Increasingly, biologists are classifyving organisms into categories larger than kingdoms called
domains. The three domains are: Domain Bacteria, Domain Archaea, and Domain Eukarva. With
future discoveries, this classification system might change to incorporate new information.

Characteristics

= coclomate, serially segmented,
baaterally symmetrical

= complete digestive tract

* most have setae on each
zegment that anchor them
during craswling

# terrestriad and aquatic species

# chitinous exnskeleton covering
segmented bodies

# naired, jointed appendages

* many hawve wings

* land and aguatic species

* marine onganisms

# have spiny or leathery skin and
a water-wascufar system with
tube fest

* radially symmetrical

= sonmented coelomates with a
notochord

# nossess a dorsal nerve cord,
pharyngeal slits, and a tail at
some stage of life

* most have paired appendages

# woung have all of the main chas-
date features; adults have only
pharyngead gill slits

* adults have all of the main fea-
tures of chordates

* the hallmark feature of all
vertebrates is a spinal column

CDOMAIN

Bactera

KIMGO0M

Bacteria

Archasa
MAschaea

RH-5 Reference Handbook
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Scientific Word Origins
This list of prefixes, suffixes. and roots is provided to help vou understand science terms used throughout
this biology textbook. The list identifies whether the prefix, suffix, or root is of Greek (G) or Latin (L)
origin. Also listed is the meaning of the prefix, suffix, or root and a science word in which it is used

Origin

a

ad (L)
aero (G}
an (G}

ana {3}
andro (G}
angio (G)
anth/o {G)
anti [(G)
aqu/a (L)
archae [G)
arthiro, artio ()
askos (G)
aster {3}
autos ()

B
bi (L)
bio (G)

c

carn (L)

ceph (G}
chloros (G}
chroma {G)
cide (L}

circ (L)
cooc/coccus (G)
con (L)

cyte (G}

D

de {L)
dendron (G)
dent (L)
derm {G)

di (G)

dia ()
dorm (L)}

Meaning

to, toward
air
without
up

male

of seed
flower
against
of water
ancient
jointed
bag

star

self

wo

life

flesh

head

light green
pigmented

to kill

circular

small and round
together

cell

remove

woth
skin
two
apart
sleep

Example

adaxial
aerobic
anaerobic
anaphase
androceium
angiosperm
anthophyte
antibody
aquatic
archaeologist
arthropod
ascospore
Asternidea
autoimmune

bipedal
biosphere

carmivore
cephalopod
chlorophyll
chromosome
insecticide
circadian
SUTEpLOCOCCLS

Convergent
cytoplasm

decompose
dendrite
edentare
epidermis
dizaccharide
diaphragm
dormancy

Origin

E

echino (G)
ec (5}
ellz(e) (L}
endo ()
epi (G)

eu {G)
exo {iG)

F
fer (L)

G

gastro ()
genesis ()
gend(elo) (G)
gon (G)

gravi (L)
gymn/o {G)
gynde ()

H

halio) (G)
haplio) (G)
hemi (G}
hemia) (G}
herby/a(i) (L)
heter/a {(G)
homile}/o (G)
hom (L)
hydr/o (G)

1

inter (L)
intra (L)}
is/o (G)
J

jug (L}

Meaning

spiny
outer
small
within
upon
true
outside

Lo camry

stomach

to originate
kind
reproductive
heavy

naked

female

salt

single

half

blood
vegetation
different
same
human
water

between
within
equal

1o joim

Reference Handbook

Example

echinoderm
ECOSYSIEM
organelle
endosperm
epidermis
eukaryote
exoskeleton

00qpuey

=
D
=
"]
-
i)
-
™
pe]

conifer

gastropod
oogenesis
genotype
archegonium
gravitropism
gVIMNOSperm
gynecium

halophyte
haploid
hemisphere
hemoglobin
herbivore
heterotrophic
homeostasis
hominid
hydrolysis

internode
intracellular
is0tonic

jugular

Rederence Handbook RH-6
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Origin Meaning Example Origin Meaning Example
K P (eantinued)
kary (G) nucleus eukaryote plasm/o (G}  to form plasmodium
kera (G} homlike keratin pod (5) foot gastropod
polv (G} many polymer
L post (L) after posterior
leuc/o (G) white leukocyte pro () (L) before prokaryote
logy (G) study af biology protfo {G) first protocells
lvmphs/o (L}  water lymphocyte pseud/o (G)  false pseudopodium
hvsis (G) break up dialysis
R
M re (L) back to original reproduce
* macr/o (G} large macromolecule rhiz/o (L) root rhizoid
3 o meg/a (G} great megaspare
g o meso (L) in the middle mesophyll 5 i _
- E meta () after metaphase scope (G) to look ity 2
.E E mict/o () small microscope some (G) body lysome
@ m mono () cnly one monecotyledon sperm () seed] gymnosperm
= == morph/o (G) form I'I'lﬂ]'phﬂ]i..'.lg‘.-' stasis () remain constant  homeostasis
stom () mouthlike opening stomata
M sy () together synapse
nema () a thread nematode T
neuro (&) nerve neuron
nod (L) knot nodule tel/o () end telophase
nomyie) (G)  system of laws LAX OO tE" rufﬁ,l EF Earth tm:.:tl-lrial
therm eat endotherm
0 thylak (G) sack thylzkoid
olig/o (G} small, few olignchaete truﬁ ::;; :‘Tﬂss Er..:m]-r:pir.ltlnn
omn {L all omnivore o il R e
i) ?G.il bird arnithology trop/o EG:I a change gravitropism
atet () Bons fiiarion AT ’ trophic (G) nourishment heterotrophic
ov (L) an egg oviduct U
P uni (L) one unicellular
palfales/o (G)  ancient paleontology v
para {63 e guaatloyrnid vacc/a (L) Cow vaccine
path/o (G) suffering pathogen o :
. : wvore (L) eat greedily omnivore
ped (L} foot centipede i
per (L) through permeable X
peri (i) ) aroumnd, abour peristalsis xer/o (G) drv xerophye
phag/o (G) eating phagocyte
phot/o (G) light photosynthesis z
phyl rﬂf i class phylogeny znfo (G) living being zoology :
phyll (G} leal chlorophyll zvgous (G) two joined homozygous =
phyte (G) plant epiphyte -
pinna (L} feather pinnate E
2
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SAFETY SYMBOLS HAZARD EXAMPLES | PRECAUTION REMEDY

CHEMICAL

FLAMMABLE

Safety Symbols

These safery symbols are used in laboratory and feld investigations in this book to indicate pos
sible hazards. Learn the meaning of each symbol and refer to this page often. Remember o mash
your hands thoroughly after completing lab procedures.

Special disposal proce
dures need bo be fal-
lowed.

Drganisms or olfes bic-
logical mstens that
might be harmlul to
humans

Dibjects that can bum
skin by besing 100 coid or
1oa hiol

s al bools oe glassmare
Ihat can easily pantiure
of Slite Skin

Pegsible danger to resp-
ratnry tracl from fumes

Possible danger fram
pliectrical sheck er burn

Subsiances thal can imi-
labe the skin or mucous
membranes af the regpd-
ratany iracl

Chemicals that can reac
with and destroy lisue
and other

malesiak

Substance may be pai-
soamaiud il louched,
inhaied, oo twallowed.

Opeen Name may ignile
Nammable chemicals,
loose chothing, or hair.

Open Name: in wse, may

cerlain chemical,
ring oo ganisens

bactena, fungl, bicod,
unpretersed ey,
plan matenals

beiling Tiquids., bol plabes,

dry ice, liquid nilrogen

razor bladies pims, seal-
pite, pointed ook, dis-
secling probes, brokes
flass

ammania, acelone, nail
palish remower, heated
sulfer, math halls

Enpraper grounding, Bg-
uid spills, shoel dircuits,

Expoied wires

pallen, meth balls, sieed
wool, iberglais, potss.
iU permiarg anale

bleaches such & hydno-
gen peretide; acids such
a5 subluric add, hydm-
thiotic &Cid; Basis such
a5 amenonia, Soduen
ydroxide

mercury, many metal
compounds, iodine, pain-
Lettia plant pasls

akohal, kerosene, polas-
sium pemanganaie, hair,
tiothing

hair, tiothing, paper, syn-

D not dispese of these
material in the sink or
trash can.

Avoid thin contscl wilh
thess inalesiak. Weds
mask or glowes,

U peoper prodiciion
wien handling.

Pracice common-Lere
Bihavior and Tollow
guidelines for use af he
ool

Malos sure theye & good
verfiiation, Never smedl
lumes dinscily. ‘Wear a
mask.

Double-chedk s=tup wilh
teacher. Chedk conditian
al wires

anil appatabes. e
EF-prolectsd outfets.

‘Wear dust mask and
glowes, Practice sxtra
care when handing

these muleriak.

Wear gogaies, glaves.
i an apron.

Faliow your besches’s
el ructions.

Avaid open Names sad
Beal when wing famma-
Bibix chwmnicals

Ti= bade hair and loons

Dispase of washss as
directied by your Teacher.

Modity your beacher il you
suspect conlact with
mterial. Wash heands
Iharoughly.

Go to your 1=acher Tor
first aid.

Go ki your 1eacher Tor
Girsl aid.

Legrve Toul area and
natify your Leaches
Immediatily,

D vl altermipd 1o foi
elacirical probiems.
Modily your beacher

immedatidy.

Ge fo your t=acher lor
first aid.

Irimesdistely fuih the
affected ares with waler
and notify your teacher

Ahways waih hands fher
caghly aier use &a o
pour teacher Tor firsl aid

Notily your teaches
immedkately. Lise fine
safety eguipment if appli-
cable.

Ahways wash hancs thos-

OPEN FLAME Iﬂ cause fire. Ihetic mratenials dodhing. Follow leather’s coghly afler e Go to
mslrisclions on lighting  yous beaches foe firsh aid.
and exlingushing fames.
Clathing Animal Handwashing
This symiol oppesrs This symbal appearswhen Fands with scap and
when substances appears when radioactive vayter hefore remow-
could stam or burn sadety ol anmalks mgserisis are ing goggles.
clathing. sl Bee ensuned. used.
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A Biologist’s Guide To The Periodic Table

An achd & a substance thal
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Calcum is needed for hiood
daiting, Tormation of benes
und teeth, and noemal nene
and musche funciicn,

enryme Banclion,

Tha #on kons in Bemoglobin hind

o cygen molaodes in e
[ungs. The hemoglobin then
delivars the axyen 1o other
parts of {he bk,
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Wery smad quantities
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Elemants in the Human Body
{percent by mass)

O edemey

s 17%

Whethes i the form of 0Oy, an incegansc

tompound, o Zombined with hpdnogen in
organi compounds, carbon & essenial for

Witris s 3.3%
Caloum 1.5%
Phosphanis 15

Milrggen 5 & companent ol
profeins. DA, BRA, and ATP.
Some bacteria have enzymes that
can change mitrpgen [Nz 1o
ammearia 4H ).

ATF,

Omypgen is produced in the
light-cepsendent phasn of
phinsyrhesis and & wsed in
cellular respiration bo procuce

Copper i necassary Tor the
develagsent of red blood cels
s tha formation of soma
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Frapl ngmers ol e mppegend

Flunrine compoands tind with
the surlate of 1eeth, making
fthem resistant bo decay.

The beaniidown of the
phosphoiois-Conlaining
compounds ATE and ADP
redaasas enengy for cal
melabokzm,

The: thymoid gland uses odine 1o
prociuce Mryrosing, & homagne thi
regulsnes rabes of growh,
devalapment, and chemical
alivities,




