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Preface

Being a college student today means juggling many priorities: work, school, extracurricular 
activities, family. i imagine that, if you’re reading this book, you are enrolled in your first college 
science course, and it may be the only one you’ll ever take. When it seems like there are so 
many priorities all competing for your attention, you may be unsure about how to fit studying 
biology into your busy life. Good news: This book is written specifically for you!

over the years, i’ve observed my own students strive to succeed in their biology course in 
as efficient a manner as possible. Biology: The Core has been designed from the ground up to 
help you study effectively and succeed. only the most important and relevant information—
the core of  biology  content—is included. Biological concepts are displayed in highly visual 
and approachable two-page modules that guide you along a clear learning path, allowing 
your study time to be as efficient and effective as possible.

You might also be wondering how this course—and biology generally—applies to your 
own life. Luckily, this is easy to address, since issues like nutrition, cancer, reproductive health, 
and exercise physiology directly affect you and those you love. The Core is paired with a robust 
online library, MasteringBiology, that contains videos, current events, and interactive tutorials 
that help you draw connections between the course material and the world around you. 
Questions you might have about many topics will be addressed in this online complement to 
your textbook.

i hope that Biology: The Core meshes with your goals and your priorities, acting as a helpful 
guide for this course and addressing questions you run into in your broader life. Please feel 
free to drop me a line to tell me about your experience with Biology: The Core or to provide 
feedback regarding the text or online resources. Best wishes for a successful semester—and 
enjoy the big adventure of biology! it’s not only in the pages of this book, but all around you.

Eric J. Simon, Ph.D.
SimonBiology@gmail.com

To the Student,
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in a world with so many options for non-major biology textbooks, why write a new one? The 
answer is simple: today’s students. We’ve all watched our non-science-major students struggle 
with the depth of material and relating biology to their lives. Which concepts do non-science 
students need to know in order to understand the relevance of biology? if we pare down the 
content and focus on the most important take-home  lessons—the information that we hope 
students will remember 10 years after graduation—what remains is the core: a set of essential 
biological concepts that presents the big picture, providing students with a scientific basis for 
the issues they will confront throughout their lives.

Biology: The Core is a new kind of textbook, one that presents information in small chunks 
using a nonlinear, engaging, visual style. The book contains only the most essential content 
for each topic. All information is presented in stand-alone two-page modules that fully 
integrate narrative and art into a single teaching tool. Each module is complete with a topic 
statement, introductory paragraph, all text and graphics needed to explain the topic, a 
summary, and a self-quiz. in addition to a consistent pedagogical structure, each module is 
designed to stand on its own. Modules can be read in any order, allowing you the flexibility to 
assign topics in whatever sequence best suits your course.

The printed text is paired with MasteringBiology, an online tutorial platform that allows you 
to reinforce the book content and expand on the basic concepts presented in each module 
as needed. The activities and resources in MasteringBiology also offer you the flexibility to 
incorporate a wide variety of applications and current issues into your teaching. Unlimited 
by the particular set of examples printed in a static textbook, a rich collection of online 
resources—including Current Topic PowerPoint presentations, news videos from ABC News 
and the BBC, New York Times articles, and interactive tutorials—enables you to connect the 
core content to interesting, relevant, and timely applications and issues that are important to 
you and your students.

i hope that the aims of Biology: The Core resonate with the teaching and learning goals of 
your non-major introductory biology course. Feel free to drop me a line to tell me about your 
course and your students, to provide feedback regarding the text or the online resources, or 
just to chat about the non-major course in general—it’s my favorite topic of conversation!

Best wishes for a successful semester,

Eric J. Simon, Ph.D.
SimonBiology@gmail.com

To the Instructor,
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1.
2 Life can be studied at  

many levels

The study of life encompasses a very broad range of scales, from the microscopic 
world of cells to the vast scope of Earth’s ecosystems. This figure summarizes some of 
the levels at which biologists study life on Earth, starting at the upper end of the scale.

BIOSPHERE
The biosphere consists of 
all life on Earth and all of the 
environments that support 
life, from the deepest oceans 
to high in the atmosphere.

ECOSYSTEM
An ecosystem includes all 
the living organisms in one 
particular area (such as this 
African savannah) as well as 
the nonliving components 
that affect life, such as soil, 
air, and sunlight.

COMMUNITY
A community consists 
of all the interacting 
populations of 
organisms occupying
an ecosystem. This 
community includes 
plants, animals, and 
even microscopic 
organisms.

POPULATION
A population is a group 
of interacting individuals 
of one species, such as 
the African savannah 
elephants shown here.

ORGANISM
An organism is an individual living being, 
such as one African savannah elephant 
(Loxodonta africana).

THE LEVELS OF BIOLOGICAL ORGANIZATION

A New Biology Learning Program 
Built for Today’s Students

A brief textbook 
focused on only 
the core content 

that students need 
to learn for a non-

majors course.

is an online homework and tutoring system that delivers self-paced activities 
designed to help students arrive to class prepared. Instructors can e�  ciently 
maximize class time with easy-to-assign and automatically graded assessments. 

vi

s 
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CORE IDEA: Life can be studied on a hierarchy of levels from the very large to the very 
small. Biologists study life at all levels of scale.

1.2

1.2Life can be studied at  
many levels

The study of life encompasses a very broad range of scales, from the microscopic 
world of cells to the vast scope of Earth’s ecosystems. This figure summarizes some of 
the levels at which biologists study life on Earth, starting at the upper end of the scale.

BIOSPHERE
The biosphere consists of 
all life on Earth and all of the 
environments that support 
life, from the deepest oceans 
to high in the atmosphere.

ECOSYSTEM
An ecosystem includes all 
the living organisms in one 
particular area (such as this 
African savannah) as well as 
the nonliving components 
that affect life, such as soil, 
air, and sunlight.

COMMUNITY
A community consists 
of all the interacting 
populations of 
organisms occupying
an ecosystem. This 
community includes 
plants, animals, and 
even microscopic 
organisms.

POPULATION
A population is a group 
of interacting individuals 
of one species, such as 
the African savannah 
elephants shown here.

ORGANISM
An organism is an individual living being, 
such as one African savannah elephant 
(Loxodonta africana).

ORGAN SYSTEM
An organ system is
a group of organs 
that work together 
to perform a vital 
body function. For 
example, the 
circulatory system 
of this elephant 
transports needed 
materials and also 
wastes.

ORGAN
An organ consists of multiple 
tissues that cooperate to 
perform a specific task. The 
elephant’s heart, for example, 
pumps blood through the 
circulatory system.

TISSUE
A tissue is an integrated group 
of similar cells that work together 
to perform a specific function. 
This microscopic image shows a 
section of cardiac epithelial 
tissue, which lines the heart, 
allowing blood to flow freely 
over the surface. 

CELL
The cell is the 
fundamental unit of life. 
Nothing smaller than a 
cell is capable of having 
all of life’s properties. All 
life consists of one or 
more cells. 

ORGANELLE
An organelle is a component 
of the cell that performs a 
specific function. An epithelial 
cell’s nucleus, for example, 
houses the DNA.

MOLECULE
A molecule is a group of atoms bonded together. 
Here, you see a computer-generated image of DNA, 
a molecule essential to all life on Earth. In this image, 
each atom is represented as a ball.

ATOM
An atom is the fundamental unit of matter;
it is the smallest unit of an element capable
of displaying the properties of that element. 
Atoms themselves are made up of even smaller 
units called subatomic particles.

Epithelial cell

Nucleus
(an organelle)

Subatomic particles

Atom

25
0x

10
0x

HEART AND
CIRCULATORY

SYSTEM 

THE LEVELS OF BIOLOGICAL ORGANIZATION

!
 Som

e organism
s on Earth have just one cell; others have trillions.

CORE QUESTION: Which level of life’s 
organization is the smallest one that can be 
considered alive?

ANSWER: The cell is the smallest unit that is capable of 
displaying all of life’s properties.

For Students
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CORE IDEA: Life can be studied on a hierarchy of levels from the very large to the very 
small. Biologists study life at all levels of scale.

1.2
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!
 Som

e organism
s on Earth have just one cell; others have trillions.

CORE QUESTION: Which level of life’s 
organization is the smallest one that can be 
considered alive?

ANSWER: The cell is the smallest unit that is capable of 
displaying all of life’s properties.

A Modern Teaching Program Supports 
Innovation and Active Learning

For Instructors

A modular format 
and dynamic set 

of applications give 
instructors � exibility 

in teaching the 
course.

vii

u Interactive online activities to help students 
apply and relate biological concepts to real life.

u Unique teaching materials and resources 
to assist instructors in preparing an 
innovative and e� ective course.

o� ers:
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E N E R G Y
S H U T T L E

E L E C T R O N
S H U T T L E

6CO2 + 6H2O

ENERGY FROM 
SUNLIGHT

O2

H2O

ATP (higher energy)

NADPH (higher energy)

The overall equation for photosynthesis is relatively straightforward: carbon dioxide and water, along 
with the energy in sunlight, are used to produce sugar, releasing oxygen gas as a by-product. This process 
actually occurs in two stages. The light reactions capture sunlight and provide high-energy molecules to 
the Calvin cycle, which uses the high-energy molecules to produce sugar from carbon dioxide (CO2).

Photosynthesis occurs in two linked stages4.
4

Stage 1
THE LIGHT REACTIONS: CAPTURING ENERGY
Within thylakoids, energy from sunlight is absorbed by molecules of chlorophyll. 
�is energy is used to split water, producing O2 and high-energy electrons, 
which are stored by converting molecules of the electron carrier NADP+ to 
NADPH. �e energy from sunlight is also used to produce high-energy ATP 
molecules. To summarize, the light reactions capture the energy in sunlight  
and store it within high-energy molecules of ATP and NADPH.

LINKING THE STAGES: The Energy and Electron Shuttles
�e light reactions and the Calvin cycle are linked by energy and 
electron shuttles. NADPH is a molecule that acts as a high-energy 
electron shuttle. It is produced from a lower-energy form called NADP+. 
ATP (adenosine triphosphate) is a high-energy molecule that acts as an 
energy shuttle. It is produced from a lower-energy molecule called ADP 
(adenosine diphosphate).

See the Big Picture

u Next, the narrative 
introduces you to the key 
concept. The prose in each 
module is brief and works 
together with the illustrations 
to convey only the most core 
information so you never get 
lost in a sea of details.

For Students u How to Use Biology: The Core

Biology: The Core is 
designed to help you 
e�  ciently learn the material 
and see the big picture. 
Begin studying each 
concise module by reading 
the concept statement 
which summarizes the 
key biological concept 
presented below.

ent
e 

pt 

aterial



ADP (lower energy)

NADP+ (lower energy)

ENERGY FROM
SUNLIGHT

PHOTOSYNTHESIS 6O2 + C6H12O6
(SUGAR)

CA
LV

IN
 CYCLE

CALVIN CYCLE

SUGAR

CO2

C6H12O6  
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4.4

CORE IDEA: The overall process of photosynthesis is broken down into two main 
stages: (1) The light reactions capture the energy in sunlight and store it as chemical 

energy, and (2) the Calvin cycle uses that chemical energy to produce sugar.

Stage 2
THE CALVIN CYCLE: MAKING SUGAR
�e high-energy products of the light reactions—
electrons (in the form of NADPH) and energy (in 
the form of ATP)—are used to make sugar from 
CO2. �is occurs in the stroma, the �uid in the 
interior of the chloroplast, through a series of 
chemical reactions called the Calvin cycle. �is 
sugar is later used to produce glucose (C6H12O6), 
the primary energy source for most cells. �e end 
result of photosynthesis is to capture the energy in 
sunlight and store it in the form of sugar molecules.

!
  M

ost of the m
ass of a plant ultim

ately derives from
 CO

2  in the air.

CORE QUESTION: What molecules would 
accumulate if the light reactions proceeded but 
the Calvin cycle did not? What molecules would 
not be made?

ANSWER: NADPH and ATP would accumulate, but no 
sugar would be made.

 Review the core idea with a summary of the 
module to reinforce what you just learned.

 After you have studied 
the entire module, the Core 
Questions allow you to 
apply your knowledge and 
check your understanding 
of the concepts.

 Then, read through each module looking at both 
the text and the illustrations. Figures and narrative 
work together to convey concepts and help you 
understand the material. Everything you need to 
study a core concept is at your � ngertips.

ix

Guided Video Tours walk you through key 
concepts in each module and let you check 
your understanding of the core ideas.



Dynamic Visuals Explain Each Concept

 BioFlix Animations are 3-D animations 
that help you visualize and learn the toughest 
topics in biology. Interactive activities provide 
coaching and feedback.

For Students u Visualize and Understand Tough Topics

x

STOMA (plural,
STOMATA)

Micrograph of cells 
within a plant leaf

Isolated 
chlorophyll

Chlorophyll moleculeCHLOROPLAST

Si
ze

: 5
75
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CO2

H2O

O2

S U N L I G H T

REF
LE

CTE
D LI

GHT

STRUCTURE OF CHLOROPLASTS

DOUBLE 
MEMBRANE

STROMA
Fluid within the inner membrane

GRANUM (plural,
GRANA)
Stack of thylakoids

THYLAKOID
Individual disk

Inner membrane

Outer membrane

 Vibrant illustrations take 
center stage with narrative 
integrated seamlessly to help 
you learn each concept. You 
never have to � ip back and 
forth between pages or 
between text and visuals 
to grasp a concept.



MasteringBiology® is designed to help you practice the course concepts and apply 
them to current topics. Interactive activities and individualized coaching help you 
arrive to class prepared and o� er study tools for you to use wherever you are!

 Video Tutor Sessions and MP3 Tutor Sessions. 
Get help with key concepts with on-the-go tutorials 
hosted by author Eric Simon. Each video or audio 
session will help you build on the basic knowledge 
presented in your textbook.

Eric Simon’s Video Tutor Sessions include:

• DNA Pro� ling
• DNA Structure
• Mitosis vs. Meiosis

• Phylogenetic Trees
• Sex-Linked Pedigrees
• Survey of Biodiversity

 Interpreting Data and 
You Decide activities. 
Receive coaching on how 
to analyze data and graphs, 
and learn how you can use 
data to make informed 
decisions in everyday life. 

Brings Concepts to Life

 ABC News videos and current events 
from the New York Times cover a wide 
range of biological topics to show you how 
science connects to your everyday life.

xi



Teach the Course Your Way F
Flexible and innovative instructor resources make it easy to prepare engaging 
classes that hook students into learning about biology-related topics such as 
agriculture, athletic cheating, cancer, food & nutrition, global climate change, 
evolution, and more.

 Design high interest lectures and save time. Each application is assembled into a 
learning unit to support instructors with a detailed topic guide developed by 
author Eric Simon, along with a customizable PowerPoint Lecture Presentation 
and a related MasteringBiology® Current Topic pre-built assignment.

 Share ideas for easy to use in-class activities with The Instructor Exchange. 
This resource o� ers active lecture options for classes of any size and can be accessed 
through MasteringBiology®.

For Instructors u How to Use Biology: The Core

xii



y Flexible Resources Support Your Course Goals
Assign just the right amount of content with self-contained modules that cover only 
the core concepts you need to support your course syllabus and teaching goals.
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ANSWER:  Because the chromosomes are already 
duplicated (during interphase) by the time the mitotic 
phase starts.

CORE QUESTION: Why is this statement 
incorrect?: “During mitosis, chromosomes are 
duplicated and distributed.”CORE IDEA: The cell cycle is an ordered sequence of events that leads from the creation 

of a cell to the division of that cell. The cell cycle can be divided into two broad phases: 
interphase (during which the cell grows, duplicates its chromosomes, and prepares for 

division) and the mitotic phase (which includes mitosis and cytokinesis).

Chromosomes
are duplicated

Cell

Nucleus

Cytokinesis in a dividing
Paramecium caudatum cell

THE CELL
CYCLE 

CHROMOSOME DUPLICATION
DURING INTERPHASE

DISTRIBUTION TO
OFFSPRING CELLS
DURING MITOTIC PHASE

MITOSIS

CYTOKINESIS

CHROMOSOME
(a single chromosome is shown
here; there are actually multiple
chromosomes in the nucleus) 

16
0x1,

00
0x

O�spring cells

Cell grows
and performs
its normal
functions 

These cells are in interphase
with uncondensed chromosomes.

These cells are in the mitotic phase with
visibly compacted chromosomes.  

Actively growing
onion root tip cells

INT
ER

PHASE

MITOTIC PHASE

Centromere

Sister
chromatids

Cells have regular cycles of growth and division5.
3 5.3

Every cell in your body was created through the division of a 
previously existing cell. The “lifetime” of a cell can be organized 
into a cell cycle, an ordered sequence of events from the time a 
cell is created from a dividing parent cell until its own division 
into two cells. The repeating events of the cell cycle are divided 
into two broad stages: interphase, during which the cell performs 
its normal functions and duplicates the chromosomes, and the 
mitotic phase, during which the cell divides the nucleus and 
distributes the duplicated chromosomes into two new cells.

INTERPHASE
Most of a cell’s lifetime—typically around 90% of the cell 
cycle—is spent in interphase. During this phase, the cell 
performs its normal functions. A cell within your small 
intestine, for example, might make and release digestive 
enzymes. During interphase, the cell roughly doubles in size 
by building cytoplasm and organelles, and the chromosomes 
remain in an uncondensed state. As a cell prepares to divide, 
it duplicates its chromosomes within the nucleus.

CHROMOSOME 
DUPLICATION
During interphase, the cell 
duplicates each chromosome. 
During the mitotic phase, one 
copy of each chromosome is 
moved to each o�spring cell. Here, 
we use just a single chromosome 
to represent the entire set of 
chromosomes found in the 
nucleus (46 in humans).

MITOTIC PHASE: MITOSIS AND CYTOKINESIS
�e part of the cell cycle during which the cell actually divides 
is called the mitotic phase. �e mitotic phase is divided into 
two overlapping stages. During mitosis, the nucleus (along 
with its already duplicated chromosomes) divides and is 
distributed to the two o�spring cells. During cytokinesis, the 
cytoplasm is divided and distributed. �e result of the mitotic 
phase is two genetically identical o�spring cells that then 
begin their own cell cycles.

!
 Your nerve cells rem

ain in interphase perm
anently and never divide.
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 Jump between topics 
with ease. The modular 
organization of the textbook 
gives you the freedom to teach 
concepts in your preferred 
order throughout the course 
and helps your students 
maximize their study time with 
modules that cover just what 
they need to know.

 Ensure your students arrive to class prepared. Assign automatically 
graded activities, animations, and reading quizzes in MasteringBiology® to 
encourage students to practice basic biological concepts outside of class.

 Encourage Active Reading with 
Guided reading activities to help 
students navigate the text and allow 
them to practice their understanding 
of every module.

xiii



For Instructors u How to Use MasteringBiology®

xiv

 Challenge students to 
see how core concepts 
work together by 
assigning Connecting the 
Concepts Activities.

 Assign activities that 
reinforce the text’s visual 
approach to learning core 
biology concepts.

 Provide students with personalized wrong-answer feedback 
by assigning coaching activities in MasteringBiology®.

Evaluate Student Understanding and Boost Success
Help students practice foundational biology principles outside of class and ensure 
they arrive to lecture prepared.  activities allow students to 
assess their understanding and receive personalized feedback designed to help 
them grasp key concepts.
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 Learn what your students 
do and don’t understand 
before class using one-click 
diagnostics, so that you can 
make the most of valuable 
time in class.

 The Mastering gradebook 
provides easy-to-interpret 
insight into student perfor-
mance. Every assignment is 
automatically graded and 
shades of red highlight 
challenging assignments.

 Learn which topics are 
challenging for your students 
and compare your class data 
to the national average.

 Learning Catalytics is a “bring your own device” student engagement and 
assessment educational tool, allowing you to actively engage each student during 
lecture and access rich data to assess student understanding. Students can use 
any web-enabled device and instructors can create their own assessment items or 
select from an existing set of items.
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REPRODUCTION
Like begets like; all 
organisms reproduce 
their own kind. Thus, 
elephants reproduce 
only elephants— 
never zebras or lions.

GROWTH AND DEVELOPMENT
Information carried by genes controls 
the pattern of growth in all organisms. 
For example, male elephants grow 
tusks as they age.

ENERGY USE
Every organism takes in energy, converts it to useful 
forms, and expels energy. This elephant is taking in 
energy by eating a plant. It can use that energy to 
move. It also releases energy as heat.

ORDER
Each living thing 
has a complex but 
well-ordered 
structure, as seen in 
the elephant’s eye.

All living organisms share  
certain properties
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Biology is the scientific study of life. While the definition of biology is 
very straightforward, it does raise some important questions. Perhaps 
the most obvious is: What is life? How do we distinguish living organisms 
from nonliving matter? How do we know that an elephant is alive, but a 
boulder is not? Biologists recognize life through a series of characteristics 
shared by all living things. We define life through the properties that 
living things display. An object is alive if and only if it displays all of these 
properties simultaneously. 

The ProPerTies of Life



RESPONSE TO THE 
ENVIRONMENT
All organisms respond to 
changes in the environment. 
Many of these responses 
help to keep an organism’s 
internal environment within 
narrow limits even when the 
external environment 
changes a lot. This elephant 
is responding to the heat of 
the day by taking a bath, 
which helps keep its body 
temperature steady.

CELLS
All living organisms 
consist of cells. Some 
living organisms have 
just one cell, but others 
(such as an elephant) 
have trillions.

EVOLUTION
Individuals with traits that help 
them survive and reproduce 
pass the genes for those traits 
to offspring. Over many 
generations, such 
adaptations drive the 
evolution of populations. 
For example, modern 
elephants and woolly 
mammoths evolved from
a common ancestor species 
that lived until about 
5 million years ago.
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1.1

CORE IDEA: Biology is the scientific study of life. All living things display a shared  
set of characteristics. Nonliving matter never displays all of these characteristics of 

life simultaneously.

!
 Life first appeared on Earth around 3.5 billion years ago.

CORE QuEstIOn: Which properties of life does 
a car display? Which does it not?

ANsWer: A car uses energy, is ordered, and responds 
to the environment. A car does not reproduce, grow or 
develop, or evolve, and a car is not made of cells.

3

A Virus is NoT ALiVe
We know that a virus is not 
alive because it does not 
display all of the properties 
of life. For example, a virus 
is not composed of cells, 
and it cannot reproduce on 
its own. While nonliving 
matter may display some 
of life’s properties (a virus 
has order, for example), it 
never displays all of life’s 
properties simultaneously.
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1.
2 Life can be studied at  

many levels

The study of life encompasses a very broad range of scales, from the microscopic 
world of cells to the vast scope of Earth’s ecosystems. This figure summarizes some of 
the levels at which biologists study life on Earth, starting at the upper end of the scale.

BIOSPHERE
The biosphere consists of 
all life on Earth and all of the 
environments that support 
life, from the deepest oceans 
to high in the atmosphere.

ECOSYSTEM
An ecosystem includes all 
the living organisms in one 
particular area (such as this 
African savannah) as well as 
the nonliving components 
that affect life, such as soil, 
air, and sunlight.

COMMUNITY
A community consists 
of all the interacting 
populations of 
organisms occupying
an ecosystem. This 
community includes 
plants, animals, and 
even microscopic 
organisms.

POPULATION
A population is a group 
of interacting individuals 
of one species, such as 
the African savannah 
elephants shown here.

ORGANISM
An organism is an individual living being, 
such as one African savannah elephant 
(Loxodonta africana).

The LeVeLs of BioLogicAL orgANizATioN
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CORE IDEA: Life can be studied on a hierarchy of levels from the very large to the very 
small. Biologists study life at all levels of scale.

1.2

ORGAN SYSTEM
An organ system is
a group of organs 
that work together 
to perform a vital 
body function. For 
example, the 
circulatory system 
of this elephant 
transports needed 
materials and also 
wastes.

ORGAN
An organ consists of multiple 
tissues that cooperate to 
perform a specific task. The 
elephant’s heart, for example, 
pumps blood through the 
circulatory system.

TISSUE
A tissue is an integrated group 
of similar cells that work together 
to perform a specific function. 
This microscopic image shows a 
section of cardiac epithelial 
tissue, which lines the heart, 
allowing blood to flow freely 
over the surface. 

CELL
The cell is the 
fundamental unit of life. 
Nothing smaller than a 
cell is capable of having 
all of life’s properties. All 
life consists of one or 
more cells. 

ORGANELLE
An organelle is a component 
of the cell that performs a 
specific function. An epithelial 
cell’s nucleus, for example, 
houses the DNA.

MOLECULE
A molecule is a group of atoms bonded together. 
Here, you see a computer-generated image of DNA, 
a molecule essential to all life on Earth. In this image, 
each atom is represented as a ball.

ATOM
An atom is the fundamental unit of matter;
it is the smallest unit of an element capable
of displaying the properties of that element. 
Atoms themselves are made up of even smaller 
units called subatomic particles.

Epithelial cell

Nucleus
(an organelle)

Subatomic particles

Atom

25
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10
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HEART AND
CIRCULATORY

SYSTEM 

!
 Som

e organism
s on Earth have just one cell; others have trillions.

CORE QuEstIOn: Which level of life’s 
organization is the smallest one that can be 
considered alive?

ANsWer: The cell is the smallest unit that is capable of 
displaying all of life’s properties.



6

Revise and repeat 
with a new 
hypothesis.

I hypothesize that 
the remote does not 

work because the 
batteries are dead.

The TV remote
isn’t working. 

What’s wrong?

OBSERVATION

QUESTION

HYPOTHESIS
(Proposed

Explanation)

CONCLUSION PREDICTION

EXPERIMENTRESULTS

The remote will 
work if I change 
the batteries.

My hypothesis
is not supported. 
I need to 
investigate further.

Even with new 
batteries, the TV still 

does not turn on.

I’ll change the batteries 
and try again.

1.
3

Biologists use the process of science to study life. 
That raises obvious questions: What is science? What 
distinguishes scientific thinking from other ways of 
investigating nature? There are several important 
principles that underlie scientific investigations.

Scientists use well-established methods to investigate 
the natural world

The scieNTific MeThod
Science always begins by 
observing the world. Such 
observations inevitably lead 
to questions about why the 
world is the way it is. How can 
you uncover an explanation 
for an observed phenomenon? 
The scientific method is a 
rough “recipe” for discovery, 
a series of steps that, 
if followed, may help a 
scientist understand an 
observation. The scientific 
method is simply a 
way of formalizing how 
we usually try to solve 
problems.

Scientists use 
the scientific method as a 
guideline, but it need not 
be followed rigidly. During a 
particular investigation, for 
example, a scientist might 
investigate multiple hypotheses 
simultaneously, or perhaps fail 
to make a specific prediction.

discoVery scieNce
When scientists make verifiable observations, take 
careful measurements, and gather data—even in 
the absence of a hypothesis—they are performing 
discovery science. Discovery science provides data 
that can be used to describe the natural world. The 
researcher shown here, for example, is gathering 
information on the insect community living in a 
rainforest canopy. The data gathered via discovery 
science can prompt questions and guide the scientific 
method. For example, Charles Darwin’s careful 
descriptions of the plants and animals he observed 
during his journeys led to hypotheses about how 
organisms evolve. Both methods of investigation—
hypothesis-driven science and discovery science—
allow scientists to investigate the natural world.
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CORE QuEstIOn: If you observe squirrels, 
come up with a tentative explanation for their 
behavior, and then test your idea, what method 
of inquiry are you performing?

ANsWer: The scientific method.

CORE IDEA: Scientific investigations may be hypothesis-driven (using the scientific 
method) or discovery-based. Careful observations and controlled experiments allow 

scientists to investigate hypotheses and develop theories.

95
0x

40
0x

Mitochondrion

Chloroplast

Nucleus

The scientific method depends on the development of 
hypotheses. A hypothesis is a proposed explanation for an 
observation. A valid hypothesis must be testable, and the results 
of such tests will either support or refute the hypothesis. For 
example, the endosymbiotic hypothesis proposes that some 
cellular components (such as the chloroplast and 
mitochondrion visible in the cell here) were once free-living 
organisms that were long ago incorporated into a larger cell.

A theory is much broader in scope than a hypothesis. It is much 
more comprehensive, it has not been shown false, and it already 
explains a great many observations. Theories are supported by a 
large and growing body of evidence. For example, the Cell 
Theory states that every living organism consists of cells that 
arose from preexisting cells. Theories can be used to devise 
specific hypotheses to be tested.

HYPOTHESIS THEORY

This batch of cookies was baked using all- 
purpose flour. Other than the kind of flour, the 
recipe was exactly the same. This controlled 
experiment supports the hypothesis that cake 
flour increases the height of these chocolate 
chip cookies.

This batch of cookies was 
baked using cake flour.

1.3
hyPoTheses ANd Theories
When discussing scientific ideas, it is important to distinguish between hypotheses and theories. 
Notice that a scientist uses the word “theory” differently than we tend to use it in everyday speech. 
In common usage, the word “theory” often means “a guess,” which is not how scientists use the word.

coNTroLLed exPeriMeNTs
To investigate a hypothesis, a 
scientist may choose to perform a 
controlled experiment in which a 
test is run multiple times with one 
variable changing—and, ideally, all 
other variables held constant. The use 
of a controlled experiment allows a 
scientist to draw conclusions about 
the effect of the one variable that 
did change. The photos shown here 
represent a controlled experiment on 
the effect of using cake flour versus 
all-purpose flour on the thickness of 
chocolate chip cookies.

!
 The w

ord “science” is derived from
 the Latin verb “scire,” w

hich m
eans “to know

.”
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Cells, the fundamental units of life,  
contain DNA

1.
4

Membrane-enclosed
organelles

Nucleus

Nucleoid

A typical eukaryotic plant cell

A typical prokaryotic bacterial cell

Smaller Typically 10–100× larger

Simpler More structurally complex

No membrane-enclosed organelles Has membrane-enclosed organelles

First appeared approximately 3.5 billion years ago Evolved from prokaryotes approximately 2.1 billion years ago

Not contained within any cellular structure Housed in membrane-enclosed nucleus

Unicellular Unicellular or multicellular

Bacteria and archaea Plants, animals, fungi, and protists

Size

Complexity

Organelles

Evolution

DNA

Number of cells

Examples

PROK ARYOTIC CELL EUK ARYOTIC CELL

The cell is the fundamental unit of life: Every living organism is composed of one 
or more cells, and nothing smaller is capable of performing all of the activities 
required for life. Some living creatures (such as microscopic bacteria) are unicellular, 
composed of just a single cell. Others (such as you) are composed of trillions of cells. 
Within each cell, one or more molecules of DNA act as the hereditary material.

TWo KiNds of ceLLs
All life on Earth is composed of one of two types of cells: prokaryotic or eukaryotic. These two 
types of cells have many similarities but also some fundamental differences.
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ANsWer: In eukaryotic cells, the DNA is stored within 
a membrane-enclosed nucleus. In prokaryotic cells, the 
DNA is not enclosed.

CORE QuEstIOn: Both eukaryotic and 
prokaryotic cells contain DNA. How do they differ 
in terms of where the DNA is stored?CORE IDEA: All life on Earth is composed of either small, simple prokaryotic cells, or 

larger, complex, organelle-containing eukaryotic cells. All cells contain genes made 
from the same four building blocks of DNA.

1.4
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The four glowing mice in this litter 
are expressing the jellyfish gene.

Mouse 
DNA

Combined DNA

Plant cell

Bacterial cell

The four chemical 
building blocks of 
DNA are identical 
among all forms 
of life on Earth.

Jellyfish
glow gene

JELLYFISH (AEQUOREA VICTORIA)

BROWN MOUSE (MUS MUSCULUS)

DNA MOLECULE

Cell contains DNACell contains DNA

dNA is The MoLecuLe of Life
Although cells vary widely in many 
respects, they share certain features. 
For example, all cells contain genes—
units of hereditary 
information—made 
from the same molecule: 
DNA. Although different 
organisms may have 
different genes, the genes 
of all organisms are 
coded by DNA molecules 
that contain the same 
four building blocks, 
abbreviated A, T, C, and G.

dNA cAN Be Mixed ANd MATched
Because the hereditary information of all life is written in the identical chemical language 
of DNA, a gene from one species may be cut and pasted into the DNA of a different species. 
Genetic engineers have produced many such organisms. For example, biologists have made 
mice (as well as fish, cats, and monkeys) that contain a glow gene from a jellyfish, and many of 
our food crops are genetically modified to contain genes from other organisms.


