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A Note about Principles of Biology . . .

A recent trend in science education is the phenomenon that is sometimes called “flipping the classroom.” This phrase refers
to the idea that some of the activities that used to be done in class are now done out of class, and vice versa. For example,
instead of spending the entire class time lecturing about textbook and other materials, some of the class time is spent
engaging students in various activities, such as problem solving, working through case studies, and designing experiments.
This approach is called active learning. For many instructors, the classroom has become more learner-centered rather than
teacher-centered. A learner-centered classroom provides a rich environment in which students can interact with each other
and with their instructors. Instructors and fellow students often provide formative assessment—immediate feedback that
helps each student understand if his or her learning is on the right track.

What are some advantages of active learning? Educational studies reveal that active learning usually promotes
greater learning gains. In addition, active learning often focuses on skill development rather than the memorization of
facts that are easily forgotten. Students become trained to “think like scientists” and to develop a skill set that enables
them to apply scientific reasoning.

A common concern among instructors who are beginning to try out active learning is that they think they will have
to teach their students less material. However, this may not be the case. Although students may be provided with online
lectures, “flipping the classroom” typically gives students more responsibility for understanding the textbook material on
their own. Along these lines, Principles of Biology is intended to provide students with a resource that can be effectively
used out of the classroom. Several key pedagogical features include the following:

«  Focus on Core Concepts: Although it is intended for majors in the biological sciences, Principles of Biology is a shorter
textbook that emphasizes core concepts. Twelve principles of biology are enunciated in Chapter 1 and those princi-
ples are emphasized throughout the textbook with specially labeled figures. An effort has also been made to empha-
size some material in bulleted lists and numbered lists, so students can more easily see the main points.

«  Learning Outcomes: Each section of every chapter begins with a set of learning outcomes. These outcomes help
students understand what they should be able to do if they have mastered the material in that section.

- Formative Assessment: When students are expected to learn textbook material on their own, it is imperative that
they be given regular formative assessments so they can gauge whether or not they are mastering the material. For-
mative assessment is a major feature of this textbook and is bolstered by McGraw-Hill Connect®—a state-of-the-art
digital assignment and assessment platform. In Principles of Biology, formative assessment is provided in multiple ways.

1. Each section of every chapter ends with multiple-choice questions.

2. Most figures have concept check questions so students can determine if they understand the key points in the
figure.

3. End-of-chapter questions continue to provide students with feedback regarding their mastery of the material.

4, Further assessment tools are available in Connect. Question banks, Test banks, and Quantitative Question banks
can be assigned by the professor. McGraw-Hill LearnSmart® allows for individual study as well as assignments
from the professor.

+  Quantitative Analysis: Many chapters have a subsection that emphasizes quantitative reasoning, an important skill
for careers in science and medicine. In these subsections, the quantitative nature of a given topic is described, and
then students are asked to solve a problem related to that topic.

- BioConnections and Evolutionary Connections: To help students broaden their understanding of biology, two
recurring features are BioConnections and Evolutionary Connections. BioConnections are placed in key figure legends
in each chapter and help students relate a topic they are currently learning to another topic elsewhere in the textbook,
often in a different unit. Evolutionary Connections provide a framework for understanding how a topic in a given chap-
ter relates to evolution, the core unifying theme in Biology.

Overall, the pedagogy of Principles of Biology has been designed to foster student learning. Instead of being a collection of
“facts and figures,” Principles of Biology is intended to be an engaging and motivating textbook in which formative assess-
ment allows students to move ahead and learn the material in a productive way. We welcome your feedback so we can
make future editions even better!

Rob Brooker
Eric Widmaier
Linda Graham
Peter Stiling

iv A Guide Through Principles of Biology



GUIDING YOU THROUGH PRINCIPLES OF BIOLOGY

Principles of Biology and its online assets have been carefully crafted to help you, the student, work efficiently and effectively through the material
in the course, making the most of your study time. This Guiding You Through Principles of Biology section explains how you can use the text and
online resources to help you succeed in Majors Biology.

Prepare for the Course

X . . Prepare for
Many biology students struggle the first few weeks of class. Many institutions expect students to start the course
majors biology having a working knowledge of basic chemistry and cellular biology. If you need a primer
to help you get up to speed, consider McGraw-Hill's new program, LearnSmart Prep.

LEARNSMART LearnSmart Prep is an adaptive learning tool designed to increase stu-

P R E P”" dent success and aid retention through the first few weeks of class.
A Using this digital tool, Majors Biology students can master some of the Prepare before
most fundamental and challenging principles of biology before they begin to struggle in the first few Rlass
weeks of class.
o A diagnostic establishes your baseline comprehension and knowledge; then the pro-
gram generates a learning plan tailored to your academic needs and schedule.
- - Tying it all
B PREP Majors Biology Lol = ' together develops Engage in class
critical-thinking
skills
~_

e e W Z e As you work through the learning plan, the program asks you questions and
e ] ; ;

PP tracks your mastery of concepts. If you answer questions about a particular con-

cept incorrectly, the program will provide a learning resource (ex. animation or

— “""""‘“ tutorial) on that concept, then ensure that you understand the concept by asking

you more questions. Didn't get it the first time? Don't worry—LearnSmart Prep will

v )
. keep working with you!
@9 |
u..‘ . “lm

----- i e Using LearnSmart Prep, you can identify the content
you don't understand, focus your time on content you
need to know but don’t, and therefore improve your
chances of success in your majors biology course.

BFRREP Majors Biology

BPREP Majors Biology \ 2

alie

- The Scientific Seudy of Life
Organize the levets. of the hisranchy of life
Define atom
Dafina molecule
Defires population
Detine pdaptation
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Prepare Before Class

Prepare for

the course who use those skills, before, during, and after class.

Students who are most successful in college are those who have developed effective study skills and

You can maximize your time in class by previewing the material before stepping into the lecture hall.

ule: the printed text as well as online offerings that include the interactive eBook in ConnectPlus+

l Principles of Biology is available in several formats that allow you to fit studying into your busy sched-

Prepare before

class

Tying it all

together develops Engage in class

critical-thinking
skills

and SmartBook. All three formats deliver the chapter material and valuable learning aids presented
in the text, but the online options offer additional resources. Use any or all of these options to
preview the material before lecture. Familiarizing yourself with terminology and basic con-

cepts will allow you to follow along in class and engage in the content in a way that allows
for better retention.

© COMCt | whamcmnme s - s - g CONS e

Get Connected.
Get Results.

Student Pass Rale

WNMN

Eilton to your online

BIOLOGY

o The traditional printed text offers many embedded study aids.
Guiding You Through Principles of Biology

Every chapter »
opens with a
Chapter Outline
that walks through
the main concepts

Learning Outcomes:

Resources

Reactions That Harness Light Energy

1. Describe the general properties of light.

and organizes the
material in the
chapter and pro-

2. Explain how pigments absorb light energy and describe
the types of pigments found in plants and green algae.

3. Outline the steps in which photosystems Il and | capture
light energy and produce O,, ATP, and NADPH.

vides a story that
puts the topic of

the chapter into

context.

Reviewing the B 15 sy e concenns
Concepts provides a ‘
summary of the key
concepts presented

in the section.

Testing Your Knowledge allows you to check

smr

R rEr

A

by the end of the section.

Many figures throughout p

the text are supported

with Concept Check

questions that test your
understanding of the

A concept illustrated
in the figure.

your understanding of key concepts in the
section before moving on. Additional questions
are available at the end of the chapter.

vi A Guide Through Principles of Biology

Chapters are broken down into sections that cover skills or
ideas you should master. Learning Outcomes at the beginning
of each section tell you exactly what you should be able to do

.'nnmmx\/\/\/\/\/\

Winrbagn

The

Light
lsctremcpietc spctium dite photoyrthe

Whete s fagever svsemgy, gedrrer et o
rado maves



e Online interactive eBook in ConnectPlus+ offers additional animations and study aids.

Enhancements found in the interactive eBook

[ ® Understanding Biology
Craw plus:

1
Education

Chapter 8. Photosynthesls

video

“ » o bomowens 8] , SRR . [

Photosynthetic Electron Transport
and ATP Synthesis Chapter 8. Photosynthesis

ey l =. The Discovery of Photosynrhorc Processe

Learning Cutcomes
: AT thaf ST i e
et

2 The of T
BEA1PS tht sy wreegry ranaler of ™ .
ncther increases the degres of disarder of a system, caled S et

A
The interactive eBook takes the reading experience 20NN
to a new level with links to animations and videos Functionality such as » = r,*_{,;:.:’.ﬂ;'._‘-,
that supplement the text. highlighting and post-it @"—h' ok LT
notes allow you to = DTN A
compile a personalized phehed
study guide. et s G T

e SmartBook provides a personalized, adaptive reading experience.

Mc
Graw
Hill
Education

S M /_\ R T B D D K"“ Powered by an intelligent diagnostic and adaptive engine, SmartBook facili-

tates the reading process by identifying what content a student knows and
doesn’t know through adaptive assessments.

I E E-"-"I.-'."-.ﬁ!TEll:ll:l}'—:: |
y The reports in SmartBook help
identify topics where you need
bl badrenio e more work.
- R

The SmartBook expe-
rience starts by pre- ST :
viewing key concepts ; : 3 m pmomec R
from the chapter and
ensuring that you

understand the big
ideas. SmartBook asks you questions that identify gaps in your

knowledge. The reading experience then continuously adapts
in response to the assessments—highlighting the material you
need to review based on what you don’t know.

A
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Engage in Class

Prepare for Assignments in Connect and LearnSmart will help you understand concepts so that you and your pro-
the course fessor can make the most of in-class time.

If you come to class having a working knowledge of concepts and terminology, the professor will be
1 able to use the class period to help you develop critical thinking and analytical skills—skills that you
will need to be successful in upper level courses and in your career.

- ALEARNSMART

McGraw-Hill LearnSmart™ is available as an integrated feature of McGraw-Hill
Connect Biology. It is an adaptive learning system designed to help students learn
faster, study more efficiently, and retain more knowledge for greater success.
LearnSmart assesses a student’s knowledge of course content through a series of
adaptive questions. It pinpoints concepts the student does not understand and

Tying it all . . .
together develops Engage in class maps out a personalized study plan for.success. ThIS |nnovat|\{e StL.de tool also has
critical-thinking features that allow students access to rich reporting and provides instructors with

skills a built-in assessment tool for grading assignments. Visit www.mhlearnsmart.com

for a demonstration.

~_

0 Your professor may make pre-class assignments to help you engage in the content during class.

Mc ®
md -
Hill

Education

Assignments are accessed  p
through Connect and could
include hc?mework a§5|gn- ungrouped assignments L T (R r:l'l'::::‘:
ments, quizzes, reading

ws LearnSmart study modules

full assignment list ext assignment ¥enda Ey

assignments, LearnSmart Cieal thiing quesiiewn . F i m—
assignments, and other ® e s, © TR Tt
resources. Chapter & hotosynthesis 12:00am ‘23:-'.‘"‘
Chapter 1-Pre-class .155|{||||\—|‘.'. U nong unlimited
ELearnSmart
Grasitin o1 {21 30 = (o s
8. 6.

-

<« Interactive and traditional
questions help assess your

] knowledge

of the material.

Masst el
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e Your professor can assign modules in LearnSmart, which are also available in Connect or on your mobile device for self-study.

LEARNSMART

Mc
Graw
Hill
Education

(& LEARNSMART |

R may indirectly stimulat the growth of the plant
L e e

e tha abilty of a plant to make
casbohydrmes

o O
s

00 you kestws the ansser? (Be hosest) 2 =]

Howp efreshing v ke your T [T U e
o Bnowletige stick?

eSS e S e S e < Study with LearnSmart by working through modules and using

LearnSmart’s reporting to better understand your strengths and
weaknesses.

LearnSmart Reports

< Download the
LearnSmart app from
iTunes or Google
Play and work on
LearnSmart from
anywhere!

A

The Tree of Knowledge tracks your progress, reporting on
short term successes and long term retention.

e Your professor may record his or her lectures. If your professor is using Tegrity, you can review the lecture after class along with the
corresponding PowerPoint® presentations. A Search function allows quick access to the content you want to review.

To save time, search through the Tegrity lecture using key
terms—all PowerPoint slides that contain the term are identified
for a quick review.

v

m U. State

. Jonn Smith [ge

© © My Tegnty > -Anatomy ANAZE11 recordings >

T s @ = | T = E & ¥ 1 4 Oegriy 45 results fourd for. “chamical synapse™

Part 3 - 00:00:35
ple chmical synapses are involved facibtation can reflect an increase in release probabiity at s

More than just a recorded lecture, Tegrity lets you search and
bookmark content, take notes, and work with fellow class- :
mates in order to make learning incredibly efficient. | S

o = 00! 42:00

B Class: Lymphatic
/s d.mcgraw-hil.com - Chemical Synapse - Marosoft Intemet Explorer

Chapter: HItD://hugh
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Prepare for
the course

Tying It All Together Develops Critical-Thinking Skills

After class, put your new-found knowledge to work by developing your critical thinking
skills—learning to apply, analyze, and synthesize information. There are many opportunities
l to expand your skills. End-of-chapter questions in the book and online assignments from
your professor challenge your understanding, revisiting LearnSmart/SmartBook modules
helps hone your understanding, and Feature Investigations, Evolutionary Connections, and
Quantitative Analysis are features in the book that encourage you to think past the facts
and start putting your understanding to work. The Quantitative Analysis features are
complemented by an online component to help you develop data analysis skills.
BioConnection questions and Principles of Biology figures help you see how top-

ics in biology are interconnected. All of these help develop critical-thinking
and analytical skills.

Prepare before
class

Tying it all
together develops
critical-thinking

Engage in class
skills

o Working through problems and questions that develop critical-thinking skills is key to understanding the concepts at a higher level.

Questions that challenge your comprehension

Following lecture, you should be able to answer Conceptual and
Collaborative questions at the end of the chapter. A “Principles”
question tests your understanding of how chapter concepts
relate to the principles of biology that provide a framework for
organizing concepts in biology.

Quantitative questions assigned in Connect allow you to practice
answering mathematically-based biological problems—with
hints and guided solutions to help you along the way. Numerical
values in these questions change so that you can keep practicing
until you understand the concept.

Conceptual Questions i =

1 guish berween b ch ol saster
chromarids

2 The Oca2 gene, which influences eve color in humans, s found T peie
on chromosome 15. How many copies of thi
the karyotype of Figure 13.17 151t one. two, c

3. [EIIEETERD A principle of biology is tha o the Retr 1 o ey g o o o v
simyplest it of Wfe. Explain how mitosis is a key process in the - ) e

formation of new cells

are found in

Collaborative Questions

Why ks it necessary for chiomosomes to conderiie during

mitosts and mebosts? What do you think might happen if = P sl ECTIT W

chromosomes did not condense? = i e Wt ot suvser in e provided o [ s ]

2 Adiplouteukaryoti cell has 10 chiomosomes (perser) Asa e e O b et by OB b i Al
group, take nurms having dent draw the cell as it would Critical thining questions = maberles s E3PT —
g4 phase of md metosds | or metoss [ then have *ﬁ: n [rer— EE—
the ather students guess which phase it s [_Question =5 (of 22) v ] et » =g e
. e
e —

5. i
reachons generate NADPH and arygen
The bigte-depencent reactions syeitaie HADPH and O using e lobewng rotessies =]
Cudcabion sely 1.
posi

Additional critical-thinking questions may be assigned
by your professor in Connect.

X A Guide Through Principles of Biology



e The development of critical thinking and analytical tools is also achieved by analyzing scientific research.

Feature Investigations walk you through a
scientific investigation looking at the experi-
mental and conceptual aspects. The Investiga-
tion lays out the hypothesis, test procedures,
data, and conclusion. Experimental questions
test your understanding of the experiment,
data, and conclusions.

v

 FEATUWE INVESTIGATION )

Bt ot Pty forrs
=

Think like a scientist

EVOLUTIONARY CONNECTIONS

Cell Division in Bacteria Involves FtsZ, a Protein
Related to Eukaryotic Tubulin

As discussed in Chapter 15 (see Figure 15.11), bacteria divide by a
process called binary fission. Because bacteria usually have only
ane type of chromaseme, the process of sorting different types of
chromosomes is not sary. Even so, events during bacterial
cell division may provide insights 3s to the manner bn which mito-
sis evolved in cukary

Prior to cell d n, bacterial cells copy, or replicate, their
chromosomal DNA. This produces two identical copies of the
genctic material, as shown at the top of Figers 106 During binary
fission, the two daughter cells become separated from each other
by the formation of a septum. ecent evidenee has shown that
bhacterial species produce a protein called FisZ, which s impos-
rant in cell di This protein assembles into a ring at the
future site of the sepum. Fis? is thought to be the first protein to
move to this division site, and it recruits other proteins that pro-
duce a new cell wall ber

FrsZ is evolutionaril:
tubulin, which is the tulmlu nlmh
compose the mitotic spindle, yotes, the midpaint of
the mitotie spindbe, which is called the metaphase plate, identi-
fies the site for cytokinesis (look ahead to Figure 13.7d and )L This
observation indicates that rubulin is also eritical for cytokinesis in
eukaryotic cells.

<« The Evolutionary Connections feature
examines the evolutionary implications
of scientific research.

Quantitative Analysis
_ MEIOSIS ENHANCES GENETIC Dl'c'ERS!T‘I’

The random of provides
a mechanism to promote a vast amount of genetic diversity
among the resulting haplold cells. Because eukaryotlc species
rypically have many chromosomes per set, maternal and pater-
nal homologs can be randomly aligned along the metaphase
plate in a varbery of ways. When mefosis is complete, it is very
unlikely that any rwo human gametes will have the same com-
bination of homalogous chromosomes.

For any diplold species the possible number of different,

= random alignments during metaphase [ of melosis equals 27,
where n equals the number of chromosomes per set. The ran-
dom alignments equal 2 because cach chromosome is found
In a homologous palr and each member of the pair can align
on either side of the metaphase plate, It is a maner of chance
which daughter cell of mefosis [ will get the maternal chromo-
some of a homologous pair, and which will get the patemal

- Because the | 1 are lly similar
but not identical, the random alignment of homelogous chro-
mosomes provides a mechanism to promote a vast amount of
penetic diversity among the resulting haplofd cells.

The Quantitative Analysis feature explores the quan- »
titative aspect of the study of biology. The features
walk you through biological concepts that have a
quantitative component. The Crunching the Numbers
provides a sample problem that tests your under-
& standing. Associated online activities can help you
practice your data analysis skills.

Crunching the Numbers: Humans have 23 chrome-
somes per set. How many possible random alignments could
occur during metaphase 17 How does crossing over further

it to the g i iy of th Iting haploid cells?

o A key component to learning is understanding the underlying principles of biology and making connections between different topics.

Biology principles and making connections

Biology Principle T iy, SRS

- u L ..Mn
| b e

NEW Pmpeltles Emefge fl'ﬁm cﬁmplel mtera(tlons Biacannectian
. v e [ Question #2 (of 12) Te] st
2' |.n.i-nw|mn

Stem cess develcing into dFTerent ool pes
A scntstis ipng by ptang 1o voly WAGESSHE. Bt inBata
Ioesands of bves. in ae Sisceasien, Be peic how it tacama 19
‘5ame DNAID Sagin win What would be the Tostaccras ipanaion provided u. e scieaat?
A ool i = oo ooy iared Qi 5 e pen. W (e v g o Bty s poiv: e i

Additional b 4-glyoosiibe Wnikages
Errate msore brasches o gl

Figure 3.4 Protein-
g : called 8 proteome. Cabs Thus
protein interaction. EoChecTS

Two different proteins 41 Sl Tt B4 GIEANET Nt BRI G80E !m' QLA IR J8SES 3E EEEELEI Ty make pestina. The cobs

may interact with £33 GENOME, AN Ty it $a0t Qenes. Thuss, CHls Decaes
ot disto SHIOIYE vk by T 8§81 ST,

o All s W 30 OIGIIS™ hve Tha ST GINES I BYHT JINGTE. WA GENES 210 EXPEES58d ey make proseing. Tha coll

hydrogen bonding,

called 3 proteoma. Evan hough May shars Bus sames DA, Cells become OMerent By espess sing SBerert genes. Thus, cis <‘. _"?" _'<' | _‘9' /3 T
ionic bonding, the » @ o o \ #‘

hydrophobic effect, EEETY chech e searh
and van der Waals

forces. Interaction A

is also facilitated by
their respective three-
dimensional shapes.

[ | s o o i o g

Cothiose

Protein 1 Protein 2

Additionally, your professor may assign
questions in Connect that require you to
pull together and synthesize information
from various chapters to address a more
complex issue.

A Figures that are highlighted as Biol-
ogy Principles discuss not only how
the figure relates to the topic under
consideration, but also how that fig- A
ure illustrates a biological principle.
Biology Principles provide a frame-
work for organizing concepts
in biology.

Figus
frring the smeumd cfplant
about the sbundance of

BioConnections in figure legends direct you to figures in other chapters that are
related to the topic or concept being illustrated. Although material is presented in
separate chapters, many concepts in biology are related. BioConnections help you

examine connections between seemingly unrelated concepts.
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GUIDE YOUR STUDENTS THROUGH

PRINCIPLES OF BIOLOGY

Prepare for
the course

Prepare before

class

Principles of Biology offers professors a text focused on developing an understanding of the core
principles that provide a foundation for students intending to pursue a degree in biology and
developing critical thinking skills that will serve them well into the future. This Guide Through
Principles of Biology explains how professors can use the text and online resources to help
engage their students and maximize their instructional time.

Prepare for the Course and for the Class

The Majors Biology class is changing in new and exciting ways, with more emphasis
on active learning. Digital resources can help you achieve your instructional goals—
making your students more responsible for learning outside of class by meeting
your students where they live: on the go and online. Use the text and digital tools to
empower students to come to class more prepared and ready to engage!

To help your students get up to speed, assign LearnSmart Prep at the beginning of the
course. LearnSmart™ Prep is an adaptive learning tool designed to increase student
success and aid retention through the first few weeks of class. Using this digital tool,

Tying it all
together develops
critical-thinking
skills

Engage in class

~_

Assessment with timely learning resources helps stu-
dents with foundational material that you want them
to know coming into the course.

Majors Biology students can master some of the most fundamental and challenging
principles of biology before they begin to struggle in the first few weeks of class.

B PREP Majors Biology
T —
— . s

T THIS MAY BELP YOU

]
s

o Create assignments and use adaptive resources to introduce terminology and basic concepts to students before class.

Help your students prepare for class by making assignments—
reading, homework, and LearnSmart

instructor home view

home

= section info
nstructor
Elizabeth
Sievers
add assignment -

m Find out 1 you tan 02 wilh Connect Assignmenss.

create new from question bank

textbook lE
== u.wle.nanqrr\errla-neua Rapher questions, Iest Bank of your cwn Biolog

unts for Students b wark o as 3 feam

SHCHON WHb Sodres.

18|
select a question source

Biology (10e. Raven) -

Chapter 08 Photosynthesis

< Assignments can include Reading assignments from the

ConnectPlus eBook, homework or quizzes, LearnSmart,
your own Web or short answer activities, and more.

Eoonnect

chapter3. The Chemical Basis of Life it Organic Melscules.

Chapter 08 Quantitative Reasoning Guestion Bank [ welect |
Chapter 08 Question Bank =3
full assignment list Chapter 08 Test Bank =3
ungrouped assignments e
| eaions T ——— &+ T s = =
.. A

Chapter 1-Pre-class assigment
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Reading assignments can be made using the
ConnectPlus eBook, but students also have access to
SmartBook or the standard printed text.



- o McGraw-Hill Connect Biology provides online presentation, assignment, and assessment
Graw mmect plus solutions. It connects your students with the tools and resources they’'ll need to achieve suc-
S cess. With Connect Biology you can deliver assignments, quizzes, and tests online. A robust
set of questions and activities are presented in the Question Bank and a separate set of

questions to use for exams are presented in the Test Bank. As an instructor, you can edit existing questions and author entirely new problems.
Track individual student performance—by question, assignment, or in relation to the class overall—with detailed grade reports. Integrate grade
reports easily with Learning Management Systems such as Blackboard and Canvas—and much more. ConnectPlus Biology provides students
with all the advantages of Connect Biology plus 24/7 online access to an eBook. This media-rich version of the book is available through the

McGraw-Hill Connect platform and allows seamless integration of text, media, and assessments.

To learn more, visit www.mcgrawhillconnect.com

o Customize Connect and LearnSmart assignments to address knowledge gaps so students can get the most out of class.

Customize your assignments using Connect filters

assignment bulider You can customize your LearnSmart assignments by topic
Chapter 8 Pre-Class Homework (selecting the sections in the chapter you will cover in class)
and by the amount of time investment you expect from your

add questions " 10 quostions)

immcbiorn . | (NSRS SLNSY NN (h0 > Gl e PRopmmitowe > ROy o students. Reducing the length of time focuses the LearnSmart
—— S - questions on core concepts in the chapter.
s ~— —————ine v
prese Bwtacd chackboass for Qe kons you wand |5 add ————
AR LearmnmSmart assignment
= | set up assignment
Labewng
= Composcn " * Chapter 5. Membranes
: ' Composton =] ﬂﬂ|l.l5'. !EpLI‘. G'CD»E!E;E forthis aSE:;"’“EI\l wverage tme reguEed
' = i“ s 20 min
v EIMT‘.‘ Labetng il 3 . [P ——
Labeing [7] mtroduction v
Classfic abon = Tha Saructure of MemBranes. J
= Phospaoiets. The Dbt as's | cusditen v
A Prosens i toasl Composents v
Fassive Transport Across Wemis sves
Use the filters in Connect to select questions that match Acie Transpet crons Hemtemmes
your desired level of assessment—filter questions for ki)
lower-level Blooms to assess basic concepts and under-
standing prior to lecture. Filter using upper-level Blooms set score Stanind s

this sasignment s worth™: (100 | poms

after class to develop critical-thinking and analytical skills.

+ Module: Chapter 8. Articulations

~Module: Chapter 10, Muscle Tissue and Organization

- Module: Chapter 11, Axial Muscles

Reports in Connect and LearnSmart help »
you monitor student assignments and
performance, allowing for "just-in-time"
teaching to clarify concepts that are more
difficult for your students to understand.

+ Module: Chapter 12, Appendicular Muscles
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Engage Your Students in Class

Prepare for Flip your classroom and make time for active learning in class by creating preclass assignments
the course using Connect and LearnSmart. Your students will come to class better prepared and you can
make the most of your valuable class time to work on developing their critical thinking and ana-

lytical skills.

| QOegrity.

Prepare before

McGraw-Hill Tegrity® records and distributes
your class activities or lectures with just a click
of a button. Students can view the recorded

videos anytime/anywhere via computer, iPod, or mobile device. Tegrity indexes

your PowerPoint® presentations and anything shown on your computer so that
students can use keywords to find exactly what they want to study. Tegrity is avail-
able as an integrated feature of McGraw-Hill Connect Biology and as a standalone

class
resource.
Tying it all
together develops Engage in class
critical-thinking
skills
\_/

o Within Connect, you will find presentation materials to enhance your class.

Presentation Tools in Connect

The Presentation Tools in Connect provide everything you need for outstanding presentations all in one place.

< Animation PowerPoints contain

5 full-color animations illustrat-
ing important processes, which
are fully embedded in Power-
Point slides for easy use in your
presentations.
v — < Enhance your
Freeze Fracture Electron Microscopy (FFEM) presentations
e s m 2 with lecture
. . . hospholipid bilayer .
3-D Animations bring Sarie i e svogen. *————" PowerPoints
. . . . and fractured with a knife . .
biology to life with dynamic Dus 1o the woskness of the cantral “=-—t_o < with anima-
. . 3 mambrane. the leaflets separate e X
imagery and interesting I e Pk (Pekopimaric Wy :ﬁt tions fully
presentation tools, such as s ot N embedded.
about membeane protein form m -

the highlighting pen.

C- leavage fur:i}w
; Contractile ring

Myosin
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FlexArt PowerPoints contain editable art
from the text. For all figures, labels and leader
lines are editable allowing you to customize
your PowerPoint presentations.

v

<« Labeled and
unlabeled JPEG
files of all art and
) photos in the text
can be readily
incorporated into
presentations,
exams, or custom-
made classroom
materials.



e Engage your students during class with Active Learning resources. Use Tegrity, the lecture-capture program in Connect, to reach your

students outside of class.
Active Learning in Connect

T Y egrity

available soon

Ch01 An Intraduction to Biology

ChD2 The Chemical Basis of Life
I: Atoms, Molecules, and Water

v

Use Tegrity to record your class activities. Your students can
revisit your presentations and discussions after class with
access to all the materials you covered.

Ch03 The Chemical Basis of Life |
11: Orgaric Molecules

A

Active-learning resources in Connect are sorted by chapter and
designed to help you offer activities with varying degrees of
participation: from Collaborative In-class Activities that are sup-
ported with instructor resources and prebuilt student assign-
ments to Clicker Questions, Minute Papers, and Concept Maps. R T

- o= xt = 4o o¥ 24 Degrity

e If your students are better prepared when they walk into class, you can expand your coverage beyond the scope of basic concepts,

incorporating discussion sessions and working on critical thinking skills.

Challenge your students

The authors of Principles of Biology understand that today’s biology majors need to move beyond memorization and content acquisition.
Features in the text such as Feature Investigations, Quantitative Analysis, Biology Principles figures, Evolutionary Connections, and Bio-
Connections questions challenge students to apply their knowledge. Assignable online assessments and activities support the develop-

ment of critical-thinking skills.

e . EVOLUTIONARY CONNECTIONS

[—
Cam B Do o Cantama Raihisticn

Cell Division in Bacteria Involves FtsZ, a Protein
Related to Eukaryotic Tubulin

As discussed in Chapter 15 (sce Figure 15.11), bacterla divide by &

have only

ary. Even so, events during b
sas tothe mann

e separated from e
{ a septum. Recent evidence has she
lal species produce & protein called Frs, “nu hi

1 Chyeomdic likiages
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New Properties Emerge from Complex Interactions

pem

Figure 3.14 Protein-
protein interaction.
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penetic diversity among the resulting haploid cells.

forces. Interaction Crunching the Numbers: Humans have 23 ehrome-
is also facilitated by somes per set. How many possible random allgnments could
Protein 1 Protein 2 their respective three- occur during metaphase 17 How does crossing over further
dimensional shapes. o the g [ sulting haploid cells?

A Guide Through Principles of Biology Xv



Tying It All Together for Your Students
Prepare for Follow up your class with assessment that helps students develop critical-thinking skills. Set up
the course assignments from the various assessment banks in Connect.

1 The Question and Test Banks contain higher order critical thinking questions that
require students to demonstrate a more in-depth understanding of the concepts—
Prepare before as described on page xiii, you can quickly and easily filter the banks for these ques-
class tions using higher level Blooms. BioConnections question banks provide questions
that require students make connections among topics across chapters, developing

critical-thinking skills.

<« Quantitative Analysis features

in the text have assignable online
activities that encourage students
to practice and strengthen their

Tying it all

together develops i
cgritical-thinking Rioage in clasg : quantitative reasoning skills.

skills ; ’

& connect

Many chapters also contain a Quantitative Question Bank. These are >
more challenging algorithmic questions, intended to help your students
practice their quantitative reasoning skills. Hints and guided solution

options step students through a problem.

LEARNSMART Based on the same world-class superadaptive technology as LearnSmart, McGraw-Hill LearnSmart-

I /\ B S Labs is a must-see, outcomes-based lab simulation. It assesses a student’s knowledge and adaptively
e, corrects deficiencies, allowing the student to learn faster and retain more knowledge with greater

success. Whether your need is to overcome the logistical challenges of a traditional lab, provide better lab prep, improve student perfor-
mance, or create an online experience that rivals the real world, LabSmart accomplishes it all.

Learn more at www.mhlabsmart.com
LearnSmart Labs can be used to help students apply the
scientific process, thinking and doing like scientists via rich

simulations.

108 vy T) CNfbssion and Ol DSTusion  (Kunion T vkl

ELabSmart
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Biology is the study of life. The diverse
forms of life found on Earth provide biolo-
gists with an amazing array of organisms
to study. In many cases, the investigation
of living things leads to discoveries with
far-reaching benefits. Certain ancient civi-
lizations, such as the Greeks, Romans, and
Egyptians, discovered that the bark of the
white willow tree (Salix alba) could be
used to fight fever. Chemists determined
that willow bark contains a substance
called salicylic acid, which led to the
development of the related compound
acetylsalicylic acid, more commonly
known as aspirin (Figure 1.1). Today, aspirin
is taken not only for fever and pain relief,
but is also recommended for the preven-
tion of heart attacks and strokes.

As a more recent example, research-
ers determined that the venom from
certain poisonous snakes contains a
chemical that lowers blood pressure in
humans. By analyzing that chemical, sci-
entists have developed drugs called ACE
inhibitors that treat high blood pressure
(Figure 1.2).

These are just a couple of the
many discoveries that make biology an

An Introduction to Biology

intriguing discipline. The study of life not
only reveals the fascinating characteris-
tics of living species but also leads to the
development of medicines and research
tools that benefit the lives of people.

To make new discoveries, biologists
view life from many different perspec-
tives. What is the composition of living
things? How is life organized? How do
organisms reproduce? Sometimes the
questions posed by biologists are funda-
mental and even philosophical in nature.
How did living organisms originate? Can
we live forever? What is the physical basis
for memory? Can we save endangered
species?

Future biologists will continue to
make important advances. Biologists are
scientific explorers looking for answers
to some of life’s most enduring myster-
ies. Unraveling these mysteries presents
an exciting challenge to the best and
brightest minds. The rewards of a career
in biology include the excitement of forg-
ing into uncharted territory, the thrill of
making discoveries that can improve the
health and lives of people, and the goal of
trying to preserve the environment and

The bee orchid (Ophrys apifera). This orchid produces
a pheromone that attracts male bees, thereby aiding in its
pollination.

Chapter Outline

1.1  Principles of Biology and the
Levels of Biological Organization

1.2 Unity and Diversity of Life
1.3 Biology as a Scientific Discipline

Assess and Discuss
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protect endangered species. For these and many other compel-
ling reasons, students seeking challenging and rewarding careers
may wish to choose biology as a lifelong pursuit.

In this chapter, we will begin our survey of biology by examin-
ing the basic principles that underlie the characteristics of all living

Aspirin

Figure 1.1 The white willow (Salix alba) and aspirin. Modern aspirin,
acetylsalicylic acid, was developed after analysis of a chemical found in
the bark of the white willow tree.

Principles of Biology and the Levels

of Biological Organization

Learning Outcomes:

of biological complexity.

Because biology is the study of life, a good way to begin a biology
textbook is to distinguish living organisms from nonliving objects.
At first, the distinction might seem obvious. A person is alive, but
arock is not. However, the distinction between living and nonliv-
ing may seem less obvious when we consider microscopic enti-
ties. Is a bacterium alive? What about a virus or a chromosome?
In this section, we will examine the principles that underlie the
characteristics of all forms of life and explore other broad prin-
ciples in biology. We will then consider the levels of organization
that biologists study, ranging from atoms and small molecules to
very large geographical areas.

The Study of Life Has Revealed a Set
of Unifying Principles
In the course of studying a vast number of species, biologists

have learned that a set of principles applies to all fields of biology.
Twelve broad principles are described in Figure 1.3. The first eight

organisms and the fields of biology. We then take a deeper look at
the process of evolution and how it explains the unity and diver-
sity that we observe among living species. Finally, we will explore
the general approaches that scientists follow when making new
discoveries.

7
O 'OCH,CH,

CH,COOH
ACE inhibitor (Lotensin)

Figure 1.2 The Brazilian arrowhead viper and inhibitors of high blood
pressure. Originally found in the venom of the Brazilian arrowhead
viper (Bothrops jararaca/jararacussa), angiotensin-converting enzyme
(ACE) inhibitors, including benazepril (Lotensin, chemical structure
shown here), are commonly used to treat high blood pressure.

principles are often used as criteria for defining the basic features
of life. You will see these 12 principles at many points as you pro-
gress through this textbook. In particular, we will draw your atten-
tion to them at the beginning of each unit, and we will refer to
them within particular figures in Chapters 2 through 47. It should
be noted that the principles of biology are also governed by the
laws of chemistry and physics, which are discussed in Chapters 2,
3, and 6.

Principle 1: Cells are the simplest unit of life. The term organism
can be applied to all living things. Organisms maintain an internal
order that is separated from the environment (Figure 1.3a). The
simplest unit of such organization is the cell, which we will exam-
ine in Unit II. One of the foundations of biology is the cell theory,
which states that (1) all organisms are composed of one or more
cells, (2) cells are the smallest units of life, and (3) new cells come
from pre-existing cells by cell division. Unicellular organisms are
composed of one cell, whereas multicellular organisms such as
plants and animals contain many cells. In plants and animals,
each cell has an internal order, and the cells within the body have
specific arrangements and functions.

Principle 2: Living organisms use energy. The maintenance of
organization requires energy. Therefore, all living organisms
acquire energy from the environment and use that energy to main-
tain their internal order. Cells carry out a variety of chemical reac-
tions that are responsible for the breakdown of energy-yielding



(a) Cells are the simplest
unit of life:
Organisms maintain an
internal order. The simplest
unit of organization is the cell.
Yeast cells are shown here.

(b) Living organisms use
energy:
Organisms need energy to
maintain internal order.
These algae harness light
energy via photosynthesis.
Energy is used in chemical
reactions collectively known
as metabolism.

(c) Living organisms interact
with their environment:
Organisms respond to
environmental changes.
These plants are growing
toward the light.

(d) Living organisms maintain
homeostasis:
Organisms regulate their
cells and bodies, maintaining
relatively stable internal
conditions, a process called
homeostasis.

(e) Living organisms grow
and develop:
Growth produces more or
larger cells, whereas
development produces
organisms with a defined
set of characteristics.

The genetic material
provides a blueprint for
reproduction:

To sustain life over many
generations, organisms must
reproduce. Due to the
transmission of genetic
material, offspring tend to
have traits like their parents.

(f

~

AN INTRODUCTION TO BIOLOGY 3

(9) Populations of organisms
evolve from one generation
to the next:

Populations of organisms
change over the course of
many generations. Evolution
results in traits that promote
survival and reproductive
success.

(h) All species (past and
present) are related by an
evolutionary history:

The three mammal species
shown here share a common
ancestor, which was also a
mammal.

(i) Structure determines
function:
In the example seen here,
webbed feet (on ducks)
function as paddles for
swimming. Nonwebbed feet
(on chickens) function better
for walking on the ground.

(j) New properties of life
emerge from complex
interactions:

Our ability to see is an
emergent property due to
interactions among many
types of cells in the eye and
neurons that send signals to
the brain.

(k) Biology is an experimental
science:
The discoveries of biology are
made via experimentation,
which leads to theories and
biological principles.

(I) Biology affects our society:
Many discoveries in biology
have had major effects on our
society. For example,
biologists developed Bt-corn,
which is resistant to insect
pests and is widely planted
by farmers.

Figure 1.3 Twelve principles of biology. The first eight principles are often used as criteria for defining the basic features of life. Note: The principles
described here are considered very broad. Biologists have determined many others that have a more defined focus.

% ITe1@GT 3 (=Y i (o) 3 Look ahead to Figure 4.11. Which of these principles is this figure emphasizing?

nutrients. Such reactions often release energy in a process called
cellular respiration. The energy may be used to synthesize the
components that make up individual cells and living organisms.
Chemical reactions involved with the breakdown and synthesis of
cellular molecules are collectively known as metabolism. Plants,

algae, and certain bacteria directly harness light energy to produce
their own nutrients in the process of photosynthesis (Figure 1.3b).
They are the primary producers of food on Earth. In contrast,
some organisms, such as animals and fungi, are consumers—they
must use other organisms as food to obtain energy.
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Principle 3: Living organisms interact with their environment. To
survive, living organisms must interact with their environment,
which includes other organisms they may encounter. All organ-
isms must respond to environmental changes. For example, bac-
terial cells have mechanisms to detect that certain nutrients in the
environment are in short supply, whereas others are readily avail-
able. In the winter, many species of mammals develop a thicker
coat of fur that protects them from the cold temperatures. Plants
respond to changes in the angle of the Sun. If you place a plant in
a window, it will grow toward the light (Figure 1.3c).

Principle 4: Living organisms maintain homeostasis. As we have
just seen, living organisms respond to environmental variation.
Although life is a dynamic process, living cells and organisms
regulate their cells and bodies to maintain relatively stable inter-
nal conditions, a process called homeostasis (from the Greek,
meaning to stay the same). The degree to which homeostasis is
achieved varies among different organisms. For example, most
mammals and birds maintain a relatively stable body temperature
in spite of changing environmental temperatures (Figure 1.3d),
whereas reptiles and amphibians tolerate a wider fluctuation
in body temperature. By comparison, all organisms continually
regulate their cellular metabolism so that nutrient molecules are
used at an appropriate rate and new cellular components are syn-
thesized when they are needed.

Principle 5: Living organisms grow and develop. All living organ-
isms have an ability to grow and develop. Growth produces more or
larger cells, which usually results in an increase in size and weight.
Multicellular organisms, such as plants and animals, begin life at
a single-cell stage (for example, a fertilized egg) and then undergo
multiple cell divisions to develop into a complete organism with
many cells. Among unicellular organisms such as bacteria, new cells
are relatively small, and they increase in volume by the synthesis of
additional cellular components. Development is a series of changes
in the state of a cell, tissue, organ, or organism, eventually resulting
in organisms with a defined set of characteristics (Figure 1.3e).

Principle 6: The genetic material provides a blueprint for reproduc-
tion.  All living organisms have a finite life span. To sustain life,
organisms must reproduce, or generate offspring (Figure 1.3f). A
key feature of reproduction is that offspring tend to have charac-
teristics that greatly resemble those of their parent(s). How is this
possible? All living organisms contain genetic material composed
of deoxyribonucleic acid (DNA), which provides a blueprint for
the organization, development, and function of living things.
During reproduction, a copy of this blueprint is transmitted from
parent to offspring. DNA is heritable, which means that offspring
inherit DNA from their parents.

As discussed in Unit III, genes, which are segments of DNA,
govern the characteristics, or traits, of organisms. Most genes are
transcribed into a type of RNA (ribonucleic acid) molecule called
messenger RNA (mRNA) that is then translated into a polypeptide
with a specific amino acid sequence. A protein is composed of
one or more polypeptides. The structures and functions of pro-
teins are largely responsible for the traits of living organisms.

Principle 7: Populations of organisms evolve from one generation
to the next. The first six characteristics of life, which we have
just considered, apply to individual organisms over the short
run. Over the long run, another universal characteristic of life
is biological evolution, or simply evolution, which refers to a
heritable change in a population of organisms from generation
to generation. As a result of evolution, populations become bet-
ter adapted to the environment in which they live. For example,
the long snout of an anteater is an adaptation that enhances its
ability to obtain food, namely ants, from hard-to-reach places
(Figure 1.3g). Over the course of many generations, the fossil
record suggests that the long snout occurred via biological evo-
lution in which modern anteaters evolved from populations of
organisms with shorter snouts.

In many chapters of this textbook, you will find a subsection
called “Evolutionary Connections,” which focuses on the evolu-
tionary aspects of the chapter’s material.

Principle 8. All species (past and present) are related by an evolution-
ary history.  Principle 7 considers evolution as an ongoing process
that happens from one generation to the next. Evidence from a vari-
ety of sources, including the fossil record and DNA sequences, also
indicates that all organisms on Earth share a common ancestry.
For example, the three species of mammals shown in Figure 1.3h
shared a common ancestor in the past, which was also a mammal.
We will discuss evolutionary relationships further in Section 1.2.

Principle 9: Structure determines function. In addition to the pre-
ceding eight characteristics of life, biologists have identified other
principles that are important in all fields of biology. The princi-
ple that structure determines function pertains to very tiny bio-
logical molecules as well as very large biological structures. For
example, at the microscopic level, a cellular protein called actin
naturally assembles into structures that are long filaments. The
function of these filaments is to provide support and shape to
cells. At the macroscopic level, let’s consider the feet of different
birds (Figure 1.3i). Aquatic birds have webbed feet that function
as paddles for swimming. By comparison, the feet of nonaquatic
birds are not webbed and are better adapted for grasping food,
perching on branches, and running along the ground. In this case,
the structure of a bird’s feet, webbed versus nonwebbed, is a criti-
cal feature that affects their function.

Principle 10: New properties of life emerge from complex interactions.
In biology, when individual components in an organism interact
with each other or with the external environment to create novel
structures and functions, the resulting characteristics are called
emergent properties. For example, the human eye is composed
of many different types of cells that are organized to sense incom-
ing light and transmit signals to the brain (Figure 1.3j). Our abil-
ity to see is an emergent property of this complex arrangement of
different cell types.

Principle 11: Biology is as an experimental science. Biology is an
inquiry process. Biologists are curious about the characteristics
of living organisms and ask questions about those characteristics.



For example, a cell biologist may wonder why a cell produces a
specific protein when it is confronted with high temperature. An
ecologist may ask herself why a particular bird eats insects in the
summer and seeds in the winter. To answer such questions, biolo-
gists typically gather additional information and ultimately form
a hypothesis, which is a proposed explanation for a natural phe-
nomenon. The next stage is to design one or more experiments to
test the validity of a hypothesis (Figure 1.3k).

Like evolution, experimentation is such a key aspect of
biology that many chapters of this textbook include a “Feature
Investigation”—an actual research study that showcases the
experimental approach.

Principle 12. Biology affects our society.  The influence of biology is
not confined to textbooks and classrooms. The work of biologists
has far-reaching effects in our society. For example, biologists
have discovered drugs that are used to treat many different
human diseases. Likewise, biologists have created technologies
that have many uses. Examples include the use of microorgan-
isms to make medical products, such as human insulin, and the
genetic engineering of crops to make them resistant to particular
types of insect pests (Figure 1.31).

Living Organisms Are Studied
at Different Levels of Organization

The organization of living organisms can be analyzed at different
levels of biological complexity, starting with the smallest level of
organization and progressing to levels that are physically much
larger and more complex. Figure 1.4 depicts a scientist’s view of the
levels of biological organization.

1. Atoms: An atom is the smallest unit of an element that
has the chemical properties of the element. All matter is
composed of atoms.

2. Molecules and macromolecules: As discussed in Unit I,
atoms bond with each other to form molecules. Many
smaller molecules bonded together to form a large polymer
is called a macromolecule. Carbohydrates, proteins, and
nucleic acids (for example, DNA and RNA) are important
macromolecules found in living organisms.

3. Cells: Molecules and macromolecules associate with
each other to form larger structures such as cells. A cell
is surrounded by a membrane and contains a variety of
molecules and macromolecules. As noted earlier, a cell is the
simplest unit of life.

4. Tissues: In the case of multicellular organisms such as
plants and animals, many cells of the same type associate
with each other to form tissues. An example is muscle tissue.

5. Organs: In complex multicellular organisms, an organ
is composed of two or more types of tissue. For example,
the heart is composed of several types of tissues, including
muscle, nervous, and connective tissue.

6. Organism: All living things can be called organisms.
Biologists classify organisms as belonging to a particular
species, which is a related group of organisms that share a

10.
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distinctive form and set of attributes in nature. The members
of the same species are closely related genetically. In Units VI
and VII, we will examine plants and animals at the level of
cells, tissues, organs, and complete organisms.

. Population: A group of organisms of the same species that

occupy the same environment is called a population.

. Community: A biological community is an assemblage

of populations of different species that live in the same
environment. The types of species found in a community are
determined by the environment and by the interactions of
species with each other.

. Ecosystem: Researchers may extend their work beyond

living organisms and also study the physical environment.
Ecologists analyze ecosystems, which are formed by
interactions between a community of organisms and its
physical environment. Unit VIII considers biology from
populations to ecosystems.

Biosphere: The biosphere includes all of the places on the
Earth where living organisms exist. Life is found in the air, in
bodies of water, on the land, and in the soil.

1.1 Reviewing the Concepts

Biology is the study of life. Discoveries in biology help us under-
stand how life exists, and they also have many practical applica-
tions, such as the development of drugs to treat human diseases
(Figures 1.1, 1.2).

Eight principles underlie the characteristics that are common
to all forms of life. All living things (1) are composed of cells as
their simplest unit; (2) use energy; (3) interact with their envi-
ronment; (4) maintain homeostasis; (5) grow and develop;
and (6) have genetic material for reproduction. Also, (7) popu-
lations of organisms evolve from one generation to the next,
and; (8) are connected by an evolutionary history (Figure 1.3).
Additional important principles of biology are that (9) structure
determines function; (10) new properties emerge from com-
plex interactions; (11) biology is an experimental science; and
(12) biology influences our society.

Living organisms can be viewed at different levels of biological
organization: atoms, molecules and macromolecules, cells, tis-
sues, organs, organisms, populations, communities, ecosystems,
and the biosphere (Figure 1.4).

1.1 Testing Your Knowledge

1.

The wing of a bird, the wing of an insect, and the wing of a bat

have similar shapes. Which principle of biology does this obser-

vation pertain to?

a. Living organisms use energy.

b. Living organisms maintain homeostasis.

¢. Structure determines function.

d. Populations of organisms evolve from one generation to the
next.

e. Allof the above.

o
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Figure 1.4 The levels of biological organization.

/ (@13 (=0 ) M@ Y [ At which level of biological organization would you place a herd of buffalo?

2. Which of the following is the most complex level of biological
organization?
a. organism  h. tissue ¢ community d. population

Unity and Diversity of Life

Learning Outcomes:

1. Explain the two basic mechanisms by which evolutionary
change occurs: vertical descent with mutation and
horizontal gene transfer.

2. Qutline how organisms are classified (taxonomy).

3. Describe how evolution accounts for unity and diversity in
biology.

Unity and diversity are two words that often are used to describe
the living world. As we have seen, all modern forms of life display a
common set of characteristics that distinguish them from nonliving
objects. In this section, we will explore how this unity of common
traits is rooted in the phenomenon of biological evolution. Life on
Earth is united by an evolutionary past in which modern organ-
isms have evolved from populations of pre-existing organisms.

Evolutionary unity does not mean that organisms are exactly
alike. The Earth has many different types of environments, rang-
ing from tropical rain forests to salty oceans, from hot and dry
deserts to cold mountaintops. Diverse forms of life have evolved
in ways that help them prosper in the different environments the
Earth has to offer. In this section, we will begin to examine the
unity and diversity that exists within the biological world.



Modern Forms of Life Are Connected
by an Evolutionary History

Life began on Earth as primitive cells about 3.5-4 billion years ago
(bya). Since that time, populations of living organisms underwent
evolutionary changes that ultimately gave rise to the species we
see today. Understanding the evolutionary history of species can
provide key insights into an organism’s structure and function,
because evolutionary change frequently involves modifications
of characteristics in pre-existing populations. Over long periods
of time, populations may change so that structures with a par-
ticular function may become modified to serve a new function.
For example, the wing of a bat is used for flying, and the flipper of
a dolphin is used for swimming. Evidence from the fossil record
indicates that both structures were modified from a limb that was
used for walking in a pre-existing ancestor (Figure 1.5).

Evolutionary change occurs by two mechanisms: vertical
descent with mutation and horizontal gene transfer. Let’s take a
brief look at each of these mechanisms.

Vertical Descent with Mutation The traditional way to study evo-
lution is to examine a progression of changes in a series of ances-
tors. Such a series is called a lineage. Biologists have traditionally
depicted such evolutionary change in a diagram like the one
shown in Figure 1.6, which shows a portion of the lineage that gave
rise to modern horses. In this mechanism of evolution, called
vertical evolution, new species evolve from pre-existing ones by
the accumulation of mutations, which are random changes in the
genetic material of organisms. But why would some mutations
accumulate in a population and eventually change the charac-
teristics of an entire species? One reason is that a mutation may
alter the traits of organisms in a way that increases their chances
of survival and reproduction. When a mutation causes such a
beneficial change, the frequency of the mutation may increase
in a population from one generation to the next, a process
called natural selection. This topic is discussed in Units IV and
V. Evolution also involves the accumulation of neutral changes
that do not benefit or harm a species, and evolution sometimes
involves rare changes that may be harmful.

With regard to the horses shown in Figure 1.6, the fossil record
has revealed adaptive changes in various traits such as size and
tooth morphology. The first horses were the size of dogs, whereas
modern horses typically weigh more than a half ton. The teeth of
Hyracotherium were relatively small compared with those of mod-
ern horses. Over the course of millions of years, horse teeth have
increased in size, and a complex pattern of ridges has developed on
the molars. How do evolutionary biologists explain these changes
in horse characteristics? They can be attributed to natural selection
producing adaptations to changing global climates. Over North
America, where much of horse evolution occurred, large areas
changed from dense forests to grasslands. The horses’ increase in
size allowed them to escape predators and travel greater distances
in search of food. The changes seen in horses’ teeth are consistent
with a dietary shift from eating tender leaves to eating grasses and
other vegetation that are more abrasive and require more chewing.

Horizontal Gene Transfer The most common way for genes
to be transferred is in a vertical manner. This can involve the

AN INTRODUCTION TO BIOLOGY 7

S _4}‘-’;‘5‘%:QG‘

Dolphin
flipper

Figure 1.5 An example showing a modification that has occurred as a
result of biological evolution. The wing of a bat and the flipper of a
dolphin are modifications of a limb that was used for walking in a pre-
existing ancestor.

/ (@13 (o A Y [ Among mammals, give two examples of
how the tail has been modified and has different purposes.

transfer of genetic material from a mother cell to daughter cells,
or it can occur via gametes—sperm and egg—that unite to form
a new organism. However, as discussed in Chapter 21, genes
are sometimes transferred between organisms by horizontal
gene transfer—a process in which an organism incorporates
genetic material from another organism without being the off-
spring of that organism. In some cases, horizontal gene transfer
can occur between members of different species. For example,
you may have heard in the news media that resistance to antibiot-
ics among bacteria is a growing medical problem. This can occur
by the transfer of an antibiotic resistance gene from one bacterial
species to another via horizontal gene transfer.

Traditionally, biologists have described evolution using dia-
grams such as that in Figure 1.6, which depict the vertical evo-
lution of species over a long time scale. In this view, all living
organisms evolved from a common ancestor, resulting in a “tree
of life” that could describe the evolution that gave rise to all mod-
ern species. Now that we understand the great importance of hor-
izontal gene transfer in the evolution of life on Earth, biologists
have reevaluated the concept of evolution as it occurs over time.
Rather than a tree of life, a more appropriate way to view the unity
of living organisms is to describe it as a “web of life” (as discussed
in Chapter 21, see Figure 21.12), which accounts for both vertical
evolution and horizontal gene transfer.

The Classification of Living Organisms Allows Biologists
to Appreciate the Unity and Diversity of Life

As biologists discover new species, they try to place them in
groups based on their evolutionary history. This is a difficult task
because researchers estimate that the Earth has between 10 and
100 million different species! The rationale for categorization is
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usually based on vertical evolution. Species with a recent com-
mon ancestor are grouped together, whereas species whose com-
mon ancestor was in the very distant past are placed into different
groups. The grouping of species is termed taxonomy.

Let’s first consider taxonomy on a broad scale. From an evolu-
tionary perspective, all forms of life can be placed into three large
categories, or domains, called Bacteria, Archaea, and Eukarya
(Figure 1.7). Bacteria and archaea are microorganisms that are also
termed prokaryotic because their cell structure is relatively sim-
ple. At the molecular level, bacterial and archaeal cells show signif-
icant differences in their compositions. By comparison, organisms
in domain Eukarya are termed eukaryotic; they have larger cells
with internal compartments that serve various functions. A defin-
ing distinction between prokaryotic and eukaryotic cells is that
eukaryotic cells have a nucleus in which the genetic material is
surrounded by a membrane. The organisms in domain Eukarya
were once subdivided into four major categories, or kingdoms,
called Protista (protists), Plantae (plants), Fungi, and Animalia
(animals). However, as discussed in Chapter 21 and Unit V, this tra-
ditional view became invalid as biologists gathered new informa-
tion regarding the evolutionary relationships of these organisms.
We now know the protists do not form a single kingdom but instead
are divided into seven broad categories called supergroups.
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Figure 1.6 An example of vertical evolution: The horse
Paleotherium lineage. This diagram shows a lineage of ancestors. The
| | _ Epihippus highlighteq branch gave rise to the modern horse genus
Propalaeotherium (Equus), which evolved from ancestors that were much
o smaller. The vertical evolution shown here occurred due
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between vertical evolution and natural selection?

Taxonomy involves multiple levels in which particular spe-
cies are placed into progressively smaller and smaller groups of
organisms that are more closely related to each other evolution-
arily. Such an approach emphasizes the unity and diversity of dif-
ferent species. As an example, let’s consider clownfish, which are
found in the Indian and Pacific Oceans and are popular among
salt-water aquarium enthusiasts (Figure 1.8). Several species of
clownfish have been identified. One species of clownfish, which
is orange with white stripes, has several common names, includ-
ing Ocellaris clownfish. The broadest grouping for this clownfish
is the domain, namely, Eukarya, followed by progressively smaller
divisions, from supergroup (Opisthokonta) to kingdom (Animalia)
and eventually to species. In the animal kingdom, clownfish are
part of a phylum, Chordata, the chordates, which is subdivided
into classes. Clownfish are in a class called Actinopterygii, which
includes all ray-finned fishes. The common ancestor that gave
rise to ray-finned fishes arose about 420 million years ago (mya).
Actinopterygii is subdivided into several smaller orders. The
clownfish are in the order Perciformes (bony fish). The order is,
in turn, divided into families; the clownfish belong to the family
of marine fish called Pomacentridae, which are often brightly col-
ored. Families are divided into genera (singular, genus). The genus
Amphiprion is composed of 28 different species; these are various



(a) Domain Bacteria: Mostly unicellular prokaryotes that inhabit (b) Domain Archaea: Unicellular prokaryotes that often live in extreme
many diverse environments on Earth. environments, such as hot springs.

Protists: Unicellular and small multicellular organisms Plants: Multicellular organisms that can carry out
that are now subdivided into seven broad groups based photosynthesis.
on their evolutionary relationships.

Fungi: Unicellular and multicellular organisms that have a cell Animals: Multicellular organisms that usually have a nervous
wall but cannot carry out photosynthesis. Fungi usually survive system and are capable of locomotion. They must eat other
on decaying organic material. organisms or the products of other organisms to live.

(c) Domain Eukarya: Unicellular and multicellular organisms having cells with internal compartments that serve various functions.

Figure 1.7 The three domains of life. (a) Bacteria and (b) Archaea are domains consisting of prokaryotic cells. The third domain, (c) Eukarya,
comprises species that are eukaryotes.

% ITeI@GT 3 =Y lo]3F )  Look ahead to Figure 21.1. Are fungi more closely related to plants or animals?



