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Over the course of five editions, the ways in which biology is 
taught have dramatically changed. We have seen a shift away 
from the memorization of details, which are easily forgotten, 
and a movement toward emphasizing core concepts and critical 
thinking skills. The previous edition of Biology strengthened skill 
development by adding two new features, called CoreSKILLS 
and BioTIPS (described later), which are aimed at helping stu-
dents develop effective strategies for solving problems and apply-
ing their knowledge in novel situations. In this edition, we have 
focused our pedagogy on the five core concepts of biology as 
advocated by “Vision and Change” and introduced at a national 
conference organized by the American Association for the 
Advancement of Science (see www.visionandchange.org). These 
core concepts, which are introduced in Chapter 1 (see Figure 1.4) 
include the following:

1.  �Evolution: The diversity of life evolved over time by processes 
of mutation, selection, and genetic exchange.

2. � Structure and function: Basic units of structure define the 
function of all living things.

3.  �Information flow, exchange, and storage: The growth and 
behavior of organisms are activated through the expression of 
genetic information.

4. � Pathways and transformations of energy and matter: Bio-
logical systems grow and change via processes that are based 
on chemical transformation pathways and are governed by the 
laws of thermodynamics.

5.  Systems: Living systems are interconnected and interacting.

In addition to core concepts, “Vision and Change” has strongly advo-
cated the development of core skills (also called core competencies). 
Those skills that are emphasized in this textbook are as follows:

∙∙ The ability to apply the process of science
∙∙ The ability to use quantitative reasoning
∙∙ The ability to use models and simulation (each chapter 

in Biology, 5e, contains a new feature called Modeling 
Challenge that asks students to create their own model or 
interpret a model provided)

∙∙ The ability to tap into the interdisciplinary nature of science
∙∙ The ability to communicate and collaborate with professionals 

in other disciplines
∙∙ The ability to understand the relationship between science and 

society
A key goal of this textbook is to bring to life these five core con-
cepts of biology and the core skills. These concepts and skills are 
highlighted in each chapter with a “Vision and Change” icon, ,  
which indicates subsections and figures that focus on one or 

A Modern Vision for Learning: Emphasizing 
Core Concepts and Core Skills

more of them. This approach will serve two purposes. First, the 
icon will help students to see how the various topics in this text-
book are connected to each other by the five core concepts of 
biology. Second, the icon will allow students to appreciate the 
important skills they are developing as they progress through 
the text.

KEY PEDAGOGICAL FEATURES 
OF THIS EDITION

The author team is dedicated to producing the most engaging 
and current text available for undergraduate students who are 
majoring in biology. We have listened to educators and reviewed 
documents, such as Vision and Change, A Call to Action, which 
includes a summary of recommendations made at a national con-
ference organized by the American Association for the Advance-
ment of Science. We want our textbook to reflect core concepts 
and skills and provide a more learner-centered approach. To 
achieve these goals, Biology, 5th edition, has the following peda-
gogical features.

∙∙ NEW! Core Concepts: As mentioned, the five core concepts 
are introduced in Chapter 1 (see Figure 1.4). Throughout 
Chapters 2 through 60, these core concepts are emphasized 
by a Vision and Change icon, , placed next to headings 
of particular subsections and beneath certain figure legends.

 MEMBRANE STRUCTURE, SYNTHESIS, AND TRANSPORT 119

this gene in a test tube (in vitro) using gene cloning techniques 
(see Chapter 21). Starting with many copies of the gene in vitro, 
they added an enzyme to transcribe the gene into mRNA that 
encodes the CHIP28 protein. This mRNA was then injected into 
frog oocytes, chosen because these oocytes are large, easy to 
inject, and lack pre-existing proteins in their plasma membranes 
that allow the rapid movement of water. Following injection, the 
mRNA was translated into CHIP28 proteins that were inserted 
into the plasma membrane of the oocytes. After sufficient time 
had been allowed for this to occur, the oocytes were placed in 
a hypotonic medium. As a control, oocytes that had not been 
injected with CHIP28 mRNA were also exposed to a hypotonic 
medium.

As you can see in the data, a striking difference was observed 
between oocytes that expressed CHIP28 versus the control oocytes. 
Within minutes, oocytes that contained the CHIP28 protein were 
seen to swell due to the rapid uptake of water. Three to five minutes 
after being placed in a hypotonic medium, they actually ruptured! 
By comparison, the control oocytes did not swell as rapidly, and 

they did not rupture even after 1 hour. Taken together, these results 
are consistent with the hypothesis that CHIP28 functions as a chan-
nel that allows the facilitated diffusion of water across the mem-
brane. Many subsequent studies confirmed this observation. Later, 
CHIP28 was renamed aquaporin to indicate its newly identified 
function of allowing water to diffuse through a channel in the mem-
brane. In 2003, Agre was awarded the Nobel Prize in Chemistry for 
this work.

Experimental Questions
 1. What observations about particular cell types in the human body 

led to the experimental strategy of Figure 5.16? 

 2. What were the characteristics of CHIP28 that made Agre and 
associates speculate that it may transport water? In your own 
words, briefly explain how they tested the hypothesis that CHIP28 
has this function. 

 3. CoreSKILL » Explain how the results of the experiment of  
Figure 5.16 support the proposed hypothesis.

Transporters Bind Their Solutes and Undergo 
Conformational Changes
Let’s now turn our attention to a second category of transport proteins 
known as transporters.* These transmembrane proteins bind one or 
more solutes in a hydrophilic pocket and undergo a conformational 
change that switches the exposure of the pocket from one side of 
the membrane to the other side (Figure 5.17). For example, in 1995, 
American biologist Robert Brooker and colleagues proposed that a 
transporter called lactose permease, which is found in the bacterium 
E. coli, has a hydrophilic pocket that binds lactose. They further pro-
posed that the two halves of the transporter protein come together at 
an interface that moves in such a way that the lactose-binding site 
alternates between an outwardly accessible pocket and an inwardly 
accessible pocket, as shown in Figure 5.17. This idea was later con-
firmed by studies that determined the structure of the lactose perme-
ase and related transporters.

Transporters provide the principal pathway for the cellular 
uptake of organic molecules, such as sugars, amino acids, and 
nucleotides. In animals, they also allow cells to take up certain hor-
mones and neurotransmitters. In addition, many transporters play a 
key role in export. Waste products of cellular metabolism must be 
released from cells before they reach toxic levels. For example, a 
transporter removes lactic acid, a by-product of muscle cells during 
exercise. Other transporters, which are involved with ion transport, 
play an important role in regulating internal pH and controlling 
cell volume. Transporters tend to be much slower than channels. 
Their rate of transport is typically 100 to 1,000 ions or molecules 
per second.

Transporters are named according to the number of solutes 
they bind and the direction in which they transport those solutes 
(Figure 5.18). Uniporters bind a single ion or molecule and trans-
port it across the membrane. Symporters bind two or more ions or 
molecules and transport them in the same direction. Antiporters 
bind two or more ions or molecules and transport them in opposite 
directions.

Hydrophilic pocket

Solute

For transport to occur, a solute binds in a hydrophilic pocket
exposed on one side of the membrane. The transporter then 
undergoes a conformational change that switches the exposure of
the pocket to the other side of the membrane, where the solute is
then released.

Conformational change

Figure 5.17 Mechanism of transport by a transporter, also called 
a carrier.

Core Concept: Structure and Function Two struc-
tural features—a hydrophilic pocket and the ability to 
switch back and forth between two conformations—
allow transporters to move ions and molecules 
across the membrane.

* Transporters are also called carriers. However, this term is misleading 
because transporters do not physically carry the solutes across the 
membrane.
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∙∙ NEW! Core Skills: Six core skills are also introduced in 
Chapter 1 (see Section 1.6). In Chapters 2 through 60, these 
core skills are emphasized by a Vision and Change icon,  

, placed next to headings of particular subsections, 
such as Feature Investigations, and beneath certain figure 
legends. To distinguish them from the Core Concepts, the 
Core Skills are highlighted in blue type. In addition, the 
designator CoreSKILLS has been added to certain learning 
outcomes and end-of-chapter questions that emphasize skills 
needed in the study of biology. 

 MENDELIAN PATTERNS OF INHERITANCE 363

17.5                 Variations in Inheritance 
Patterns and Their  
Molecular Basis

Learning Outcomes:
1. Relate dominant and recessive traits to protein function.
2. Define pleiotropy, and explain why it occurs.
3. CoreSKILL » Predict the outcomes of crosses that exhibit 

incomplete dominance and codominance.
4. Discuss how the environment plays a critical role in determining 

the expression of traits.

The term Mendelian inheritance describes the inheritance patterns 
of genes that segregate and assort independently. In the first section of 
this chapter, we considered the inheritance pattern of traits affected by 
a single gene that is found in two variants, one of which is dominant 
over the other. This pattern is called simple Mendelian inheritance, 
because the phenotype ratios in the offspring clearly demonstrate 
Mendel’s laws. We will begin this section by discussing the molecu-
lar basis of dominant and recessive traits and see how the molecular 
expression of a gene can have widespread effects on an organism’s 
phenotype. In addition, we will examine the inheritance patterns of 
genes that segregate and assort independently but do not display a 
simple dominant/recessive relationship. The transmission of these 
genes from parents to offspring does not usually produce the ratios of 
phenotypes we would expect on the basis of Mendel’s observations. 
This does not mean that Mendel was wrong. Rather, the inheritance 
patterns of many traits are different from the simple patterns he chose 
to study. In this section, we will explore these variations in Mendelian 
inheritance.

Protein Function Explains the Phenomenon  
of Dominance
As described at the beginning of this chapter, Mendel studied seven 
characters that were found in two variants each (see Figure 17.2). The 
dominant variants are caused by the common alleles for these traits in 
pea plants. For any given gene, geneticists refer to a prevalent allele 
in a population as a wild-type allele. In most cases, a wild-type allele 
encodes a protein that is made in the proper amount and functions 
properly. By comparison, alleles that have been altered by mutation 
are called mutant alleles; these tend to be rare in natural populations. 
In the case of Mendel’s seven characters in pea plants, the recessive 
alleles are due to rare mutations.

How do we explain why one allele is dominant and another 
allele is recessive? By studying genes and their gene products at the 
molecular level, researchers have discovered that a recessive allele is 
often defective in its ability to express a functional protein. In other 
words, mutations that produce recessive alleles are likely to decrease 
or eliminate the synthesis or functional activity of a protein. These 
are called loss-of-function alleles. To understand why many loss-of-
function alleles are recessive, we need to take a quantitative look at 
protein function.

In a simple dominant/recessive relationship, the recessive allele 
does not affect the phenotype of the heterozygote. In this type of 

relationship, a single copy of the dominant (wild-type) allele is suf-
ficient to mask the effects of the recessive allele. How do we explain 
the dominant phenotype of the heterozygote? Figure 17.16 consid-
ers the example of flower color in a pea plant. The gene encodes 
an enzyme (protein P) that is needed to convert a colorless molecule 
into a purple pigment. The P allele is dominant because one P allele 
encodes enough of the functional protein—50% of the amount found 
in a PP homozygote—to provide a purple phenotype. Therefore, the 
PP homozygote and the Pp heterozygote both make enough of the 
purple pigment to yield purple flowers. The pp homozygote cannot 
make any of the functional protein required for pigment synthesis, so 
its flowers are white.

This explanation—that 50% of the functional protein is enough—
is true for many dominant alleles. In such cases, the homozygote with 
two dominant alleles is making much more of the protein than neces-
sary, so if the amount is reduced to 50%, as it is in the heterozygote, 
the individual still has plenty of this protein to accomplish whatever 
cellular function it performs. In other cases, however, an allele may 
be dominant because the heterozygote actually produces more than 
50% of the functional protein. This increased production is due to the 
phenomenon of gene regulation. The dominant allele is up-regulated 
in the heterozygote to compensate for the lack of function of the 
recessive allele.

Genotype

Colorless precursor 
molecule

Purple pigment

Amount of functional
protein P produced

100% 50% 0%

Only 50% of the
functional protein
is needed to produce
the purple phenotype

ppPP Pp

Phenotype WhitePurple Purple

Protein P

Figure 17.16 How genes give rise to traits during simple 
Mendelian inheritance. In the heterozygote, the amount of protein 
encoded by a single dominant allele is sufficient to produce the 
dominant phenotype. In this example, the gene encodes an enzyme 
that is needed to produce a purple pigment. A plant with one or two 
copies of the dominant allele makes enough pigment to produce 
purple flowers. In a pp homozygote, the complete lack of the 
functional protein (enzyme) results in white flowers.

Core Skill: Quantitative Reasoning In a simple 
dominant/recessive relationship, even though the 
heterozygote may produce less of a functional 
protein compared to the homozygote that has two 
copies of the dominant allele, the amount made by 
the heterozygote is sufficient to yield the dominant 
phenotype.

∙∙ NEW! Modeling Challenges: A growing trend is the use of 
models in biology education. Students are asked to interpret 
models and to create models based on data or a scenario. 
Furthermore, using models and simulations is one of the core 
skills that is emphasized by “Vision and Change.” The author 
team has added a new feature called Modeling Challenge that 
asks students to create a model or to interpret a model they 
are given. Possible answers to the Modeling Challenges are 
provided in Connect.

512 CHAPTER 24

 ∙ A comparison of Hox gene evolution and animal evolution 
reveals striking parallels. Researchers have analyzed Hox gene 
sequences among modern species and made estimates regarding 
the timing of past events. Though the date is difficult to 
precisely pinpoint, the first Hox gene arose well over 600 mya. 
In addition, gene duplications of this primordial gene produced 
clusters of Hox genes in other species. Clusters such as those 
found in modern insects were likely to be present approximately 
600 mya. A duplication of a Hox cluster is estimated to have 
occurred around 520 mya.

Estimates of Hox gene origins correlate with major diversi-
fication events in the history of animals. The Cambrian period, 
stretching from 543 to 490 mya, saw a great diversification of ani-
mal species. This diversification occurred after the Hox cluster was 
formed and was possibly undergoing its first duplication to produce 
two Hox clusters. Also, approximately 420 mya, a second duplica-
tion produced species with four Hox clusters. This event preceded 
the proliferation of tetrapods—vertebrates with four limbs—that 
occurred during the Devonian period, approximately 417–354 mya. 
Modern tetrapods have four Hox clusters. This second duplication 
may have been a critical event that led to the evolution of complex 
terrestrial vertebrates with four limbs, such as amphibians, reptiles, 
and mammals.

The striking correlation between the number of Hox genes and 
body complexity is thought have been instrumental in the evolution of 
animals. However, research has also shown that body complexity may 
not be solely dependent on the number of Hox genes. For example, the 
number of Hox clusters in most tetrapods is four, whereas some fishes, 
which do not have more complex bodies than tetrapods, have seven or 
eight Hox clusters. In addition, researchers have discovered that spe-
cialized body structures can be formed by influencing the regulation 
of Hox genes and the other genes that are controlled by Hox genes. 
These findings indicate that changes in body complexity do not always 
have to be related to the total number of Hox genes or Hox clusters.

Variation in Growth Rates Can Have a Dramatic 
Effect on Phenotype
Another way that genetic variation can influence morphology is by 
controlling the relative growth rates of different parts of the body dur-
ing development. The term heterochrony refers to differences among 
species in the rate or timing of developmental events. The speeding 
up or slowing down of growth appears to be a common occurrence in 
evolution and leads to different species with striking morphological 
differences. With regard to the pace of evolution, such changes may 
rapidly lead to the formation of new species.

As an example, Figure 24.16 compares the progressive growth 
of human and chimpanzee skulls. At the fetal stage, the sizes and 
shapes of the skulls look fairly similar. However, after this stage, the 
relative growth rates of certain regions become markedly different, 
thereby affecting the shape and size of the adult skull. In the chim-
panzee, the jaw region grows faster, giving the adult chimpanzee a 
much larger and longer jaw. In the human, the jaw grows more slowly, 
and the region of the skull that surrounds the brain—the cranium—
grows faster. The result is that adult humans have a smaller jaw but a 
larger cranium than adult chimpanzees. 

Fetus

Adult

Infant

Human Chimpanzee

Figure 24.16 Heterochrony. Due to heterochrony, one region of 
the body may grow faster than another during development in different 
species. For example, the skulls of adult chimpanzees and humans have 
different shapes even though their fetal skull shapes are quite similar.

Core Skill: Modeling The goal of this modeling 
challenge is to make a series of models that show 
the differences in limb lengths among orangutans, 
chimpanzees, and humans. 

 
Modeling Challenge: Search the Internet and look at photos  
of orangutans, chimpanzees, and humans. Even though these 
species look similar, one noticeable difference is the relative 
lengths of their limbs. Although the limbs in an early fetus 
look similar in all three species, the limbs in the  adults show 
significant differences in their relative lengths. Draw models, 
similar to those in Figure 24.16, that show an early fetus, infant, 
and adult for all three species. Include an explanation of how 
heterochrony affects limb development.

Core Concept: Evolution

The Study of the Pax6 Gene Indicates  
That Different Types of Eyes Evolved from  
One Simple Form

Thus far in this section, we have focused on the roles of particular 
genes as they influence the development of species with different 
body structures. Explaining how a complex organ comes into 

∙∙ Feature Investigations: The emphasis on skill development 
continues in the Feature Investigations, which provide complete 
descriptions of experiments. These investigations begin with 
background information in the text that describes the events 
that led to a particular study. The study is then presented as an 
illustration that begins with the hypothesis and then describes 
the experimental protocol at the experimental and conceptual 
levels. The illustration also includes data and the conclusions 
that were drawn from the data. This integrated approach 
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helps students to understand how experimentation leads to an 
understanding of biological concepts.118 CHAPTER 5

Figure 5.16 The discovery of water channels (aquaporins) by Agre. (4): Courtesy Dr. Peter Agre

Place oocytes into a hypotonic medium
and observe under a light microscope. 
As a control, also place oocytes that 
have not been injected with CHIP28 
mRNA into a hypotonic medium and 
observe by microscopy. 

Control CHIP28

SOURCE  Preston, G. M., Carroll, T. P., Guggino, W. B., and Agre, P. 1992. Appearance of water channels in Xenopus oocytes expressing red cell
                  CHIP28 protein. Science 256: 385–387.

CONCLUSION  The CHIP28 protein, now called aquaporin, allows the rapid movement of water across the membrane.

Inject the CHIP28 mRNA into frog eggs 
(oocytes). Wait several hours to allow 
time for the mRNA to be translated into 
CHIP28 protein at the ER membrane and 
then moved via vesicles to the plasma 
membrane.

Add an enzyme (RNA polymerase) and 
nucleotides to a test tube that contains 
many copies of the CHIP28 gene. This 
results in the synthesis of many copies 
of CHIP28 mRNA.

HYPOTHESIS  CHIP28 may function as a water channel.

KEY MATERIALS  Prior to this work, a protein called CHIP28 was identified that is abundant in red blood cells and kidney cells. The gene 
                               that encodes this protein was cloned, which means that many copies of the gene were made in a test tube.

Experimental level Conceptual level

1

2

3

4 THE DATA

Enzymes
and nucleotides

CHIP28 
DNA

RNA polymerase CHIP28 mRNA

Frog oocyte CHIP28 protein

CHIP28 protein

Ribosome
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CHIP28 
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CHIP28 protein is 
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Nucleus Cytosol

Control CHIP28
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5

6

Oocyte rupturingOocyte

∙∙ BioTIPS: A feature that was added to the previous edition is 
aimed at helping students improve their problem-solving skills. 
Chapters 2 through 60 contain solved problems called BioTIPS, 
where “TIPS” stands for Topic, Information, and Problem-
Solving Strategy. These solved problems follow a consistent 
pattern in which students are given advice on how to solve 
problems in biology using 11 different problem-solving strategies: 
Make a drawing. Compare and contrast. Relate structure and 
function. Sort out the steps in a complicated process. Propose a 
hypothesis. Design an experiment. Predict the outcome. Interpret 
data. Use statistics. Make a calculation. Search the literature. THE EUKARYOTIC CELL CYCLE, MITOSIS, AND MEIOSIS 337

If we consider the end result of meiosis I, we see that two nuclei 
are produced, each with three pairs of sister chromatids; this is called 
a reduction division. The original diploid cell had its chromosomes 
in homologous pairs, whereas the two cells produced as a result of 
meiosis I and cytokinesis are considered haploid—they do not have 
pairs of homologous chromosomes.

Meiosis II Separates Sister Chromatids
Meiosis I is followed by cytokinesis and then meiosis II (see Fig-
ure 16.13f–j). DNA replication does not occur between meiosis 
I and meiosis II. The sorting events of meiosis II are similar to 
those of mitosis, but the starting point is different. For a diploid 
cell with six chromosomes, mitosis begins with 12 chromatids 
that are joined as six pairs of sister chromatids (see Figure 16.8). 
By comparison, the two cells that begin meiosis II each have six 
chromatids that are joined as three pairs of sister chromatids. 
Otherwise, the steps that occur during prophase, prometaphase, 
metaphase, anaphase, and telophase of meiosis II are analogous 
to a mitotic division. Sister chromatids are separated during  
anaphase II.

Mitosis and Meiosis Differ in a Few Key Steps
How are the outcomes of mitosis and meiosis different? Mitosis 
produces two diploid daughter cells that are genetically identical. In 
our example shown in Figure 16.8, the starting cell had six chromo-
somes (three homologous pairs of chromosomes), and both daughter 
cells received copies of the same six chromosomes. By comparison, 
meiosis reduces the number of sets of chromosomes. In the example 
shown in Figure 16.13, the starting cell also had six chromosomes, 
whereas the resulting four daughter cells have only three chromo-
somes. However, the daughter cells do not contain a random mix of 
three chromosomes. Each haploid daughter cell contains one com-
plete set of chromosomes, whereas the original diploid mother cell 
had two complete sets.

How do we explain the different outcomes of mitosis and meio-
sis? Table 16.1 emphasizes the differences between certain key steps 
in mitosis and meiosis that account for the different outcomes of these 
two processes. DNA replication occurs prior to mitosis and meiosis I, 
but not between meiosis I and II. During prophase of meiosis I, the 
homologs synapse to form bivalents. This explains why crossing over 
occurs commonly during meiosis, but rarely during mitosis. During 
prometaphase of mitosis and meiosis II, pairs of sister chromatids are 
attached to both poles. In contrast, during meiosis I, each pair of sis-
ter chromatids (within a bivalent) is attached to a single pole. Biva-
lents align along the metaphase plate during metaphase of meiosis I, 
whereas sister chromatids align along the metaphase plate during 
metaphase of mitosis and meiosis II. At anaphase of meiosis I, the 
homologous chromosomes separate, but the sister chromatids remain 
together. In contrast, sister chromatid separation occurs during ana-
phase of mitosis and meiosis II. Taken together, the steps of mitosis 
produce two diploid cells that are genetically identical, whereas the 
steps of meiosis involve two sequential cell divisions that produce 
four haploid cells that may not be genetically identical.

BIO TIPS THE QUESTION A diploid cell has 12  
 chromosomes, or 6 pairs. In the following diagram,  
 in what phase of mitosis, meiosis I or meiosis II, is  
 this cell?

 T OPIC What topic in biology does this question address?  
The topic is cell division. More specifically, the question is asking 
you to be able to look at a drawing and discern which phase of 
cell division a particular cell is in.

  I  NFORMATION What information do you know based on 
the question and your understanding of the topic? In the 
question, you are given a diagram of a cell at a particular 
phase of the cell cycle. This cell is derived from a mother cell 
with 6 pairs of chromosomes. From your understanding of 
the topic, you may remember the various phases of mitosis, 
meiosis I, and meiosis II, which are described in Figures 16.8 
and 16.13. If so, you may initially realize that the cell is in 
metaphase.

 P ROBLEM-SOLVING  S  TRATEGY Sort out the steps in a 
complicated process. To solve this problem, you may need 
to describe the steps, starting with a mother cell that has  
6 pairs of chromosomes. Keep in mind that a mother cell 
with 6 pairs of chromosomes has 12 chromosomes during 
G1, which then replicate to form 12 pairs of sister chromatids 
during S phase. Therefore, at the beginning of M phase, 
this mother cell will have 12 pairs of sister chromatids. 
During mitosis, the 12 pairs of sister chromatids will align at 
metaphase. During meiosis I, 6 bivalents will align along the 
metaphase plate in the mother cell. During meiosis II, 6 pairs 
of sister chromatids will align along the metaphase plate in 
the two cells.

ANSWER The cell is in metaphase of meiosis II. You can tell 
because the chromosomes are lined up in a single row along the 
metaphase plate, and the cell has only 6 pairs of sister chromatids. 
If it were mitosis, the cell would have 12 pairs of sister chromatids. 
If it were in meiosis I, bivalents would be aligned along the meta-
phase plate.
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lents align along the metaphase plate during metaphase of meiosis I, 
whereas sister chromatids align along the metaphase plate during 
metaphase of mitosis and meiosis II. At anaphase of meiosis I, the 
homologous chromosomes separate, but the sister chromatids remain 
together. In contrast, sister chromatid separation occurs during ana-
phase of mitosis and meiosis II. Taken together, the steps of mitosis 
produce two diploid cells that are genetically identical, whereas the 
steps of meiosis involve two sequential cell divisions that produce 
four haploid cells that may not be genetically identical.
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 chromosomes, or 6 pairs. In the following diagram,  
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 T OPIC What topic in biology does this question address?  
The topic is cell division. More specifically, the question is asking 
you to be able to look at a drawing and discern which phase of 
cell division a particular cell is in.

  I  NFORMATION What information do you know based on 
the question and your understanding of the topic? In the 
question, you are given a diagram of a cell at a particular 
phase of the cell cycle. This cell is derived from a mother cell 
with 6 pairs of chromosomes. From your understanding of 
the topic, you may remember the various phases of mitosis, 
meiosis I, and meiosis II, which are described in Figures 16.8 
and 16.13. If so, you may initially realize that the cell is in 
metaphase.

 P ROBLEM-SOLVING  S  TRATEGY Sort out the steps in a 
complicated process. To solve this problem, you may need 
to describe the steps, starting with a mother cell that has  
6 pairs of chromosomes. Keep in mind that a mother cell 
with 6 pairs of chromosomes has 12 chromosomes during 
G1, which then replicate to form 12 pairs of sister chromatids 
during S phase. Therefore, at the beginning of M phase, 
this mother cell will have 12 pairs of sister chromatids. 
During mitosis, the 12 pairs of sister chromatids will align at 
metaphase. During meiosis I, 6 bivalents will align along the 
metaphase plate in the mother cell. During meiosis II, 6 pairs 
of sister chromatids will align along the metaphase plate in 
the two cells.

ANSWER The cell is in metaphase of meiosis II. You can tell 
because the chromosomes are lined up in a single row along the 
metaphase plate, and the cell has only 6 pairs of sister chromatids. 
If it were mitosis, the cell would have 12 pairs of sister chromatids. 
If it were in meiosis I, bivalents would be aligned along the meta-
phase plate.

∙∙ Formative Assessment: A trend in biology education is to 
spend more class time engaging students in active learning. 
While this is a positive approach that fosters learning, a 
drawback is that instructors have less time to explain the 
material in the textbook. When students are expected to learn 
textbook material on their own, it is imperative that they are 
regularly given formative assessment—feedback regarding their 
state of learning while they are engaging in the learning process. 
This allows students to gauge whether they are mastering 
the material. Formative assessment is a major feature of this 
textbook and is bolstered by Connect—a state-of-the art digital 
assignment and assessment platform. In Biology, 5th edition, 
formative assessment is provided in multiple ways.
∙∙ First, many figure legends have Concept Check questions that 

focus on key concepts of a given topic.
∙∙ Second, questions in Assess and Discuss at the end of each 

chapter explore students’ understanding of concepts and mastery 
of skills. Core Concepts and Core Skills are again addressed 
under the Conceptual Questions. The answers to the Concept 
Checks and the end-of-chapter questions are in Appendix B, so 
students can immediately see if they are mastering the material.
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 THE AGE OF HUMANS 1279

9. Most recorded extinctions have been caused by 
a. invasive species. d. a and b equally.
b. habitat destruction. e. a, b, and c equally. 
c. overexploitation.

10. Invasive species enter an area through 
a. agricultural introductions.
b. accidental transportation via ships.
c. landscape plants and their pests.
d. a and b.
e. a, b, and c. 

Conceptual Questions
1. The Earth’s atmosphere consists of 78% nitrogen. Why is nitrogen a 

limiting nutrient? 

2. Why does maximum sustainable yield occur at the midpoint of the 
logistic curve and not where the population is at carrying capacity? 

 3.  Core Skill: Science and Society In one family, parents, who 
were born in 1900, have twins at age 20 but then have no more 
children. Their children, grandchildren, and so on behave in 

the same way. In another family, parents, who were also born in 1900, 
delay reproduction until age 33 but have triplets. Their children and 
grandchildren behave in the same way. Which family has the most 
descendants by 2000? What can you conclude? 

Collaborative Questions
1. Discuss what might limit human population growth in the future.
2. As a group, try to predict what effects an atmospheric concentration of 

700 ppm of CO2 might have on the environment.
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∙∙ In Connect, a particularly robust type of formative assessment 
is SmartBook, which guides a student through the textbook. 
SmartBook is an adaptive learning tool that is described later in 
this Preface.

∙∙ Unit openers: Each unit begins with a unit opener that provides 
an overview of the chapters within that unit. This overview 
allows the student to see the big picture of the unit. In addition, 
the unit openers draw attention to the core concepts and core 
skills of biology that will be emphasized in each unit.

UNIT III

GENETICS

Genetics is the branch of biology that deals with inheritance—

the transmission of characteristics from parent to offspring. We 

begin this unit by examining the structure of the genetic mate-

rial, namely DNA, at the molecular and cellular levels. We will 

explore the structure and replication of DNA and see how it is 

packaged into chromosomes (Chapter 11). 
We will then consider 

how segments of DNA are organized into units called genes, and 

how those genes are expressed at the molecular level to produce 

mRNA, proteins, and noncoding RNAs (Chapters 12 and 13). In 

Chapter 14, we will consider how the expression of genes is regu-

lated. We will also examine how mutations alter the properties of 

genes and even lead to diseases such as cancer (Chapter 15).

In Chapter 16, we turn our attention to the mechanisms by 

which genes are transmitted from parent to offspring, beginning 

with a discussion of how chromosomes are sorted and transmit-

ted during cell division. Chapters 17 and 18 explore the relation-

ships between the transmission of genes and the outcome of an 

offspring’s traits. We will look at genetic patterns called Mende-

lian inheritance and more complex patterns that could not have 

been predicted from Mendel’s work.

The remaining chapters of this unit explore additional topics 

that are of interest to biologists. In Chapter 19, we will examine 

some of the unique genetic properties of bacteria and viruses. 

Chapter 20 considers the central role genes play in the develop-

ment of animals and plants from a fertilized egg to an adult. We 

end this unit by exploring genetic technologies that are used by 

researchers, clinicians, and biotechnologists to unlock the mys-

teries of genes and provide tools and applications that benefit 

humans (Chapter 21).
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The following Core Concepts and Core  

Skills will be emphasized in this unit:

•	 Information: Throughout this unit, we will see how the  

genetic material carries the information to sustain life.

•	 Structure and Function: In Chapters 11 th
rough 15, we 

will examine how the structures of DNA, RNA, genes, and 

chromosomes underlie their functions.

•	 Quantitative Reasoning: In Chapters 17 and 18, we will consider 

methods used to predict the outcome of genetic crosses.

•	 Science and Society: In Chapter 21, we will examine genetic 

technologies that have many applications in our society.

•	 Process of Science: Every chapter in this unit has a Feature 

Investigation that describes a pivotal experiment that 

provided insights into our understanding of genetics.
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The following Core Concepts and Core  
Skills will be emphasized in this unit:

•	 Information: Throughout this unit, we will see how the  
genetic material carries the information to sustain life.

•	 Structure and Function: In Chapters 11 through 15, we 
will examine how the structures of DNA, RNA, genes, and 
chromosomes underlie their functions.

•	 Quantitative Reasoning: In Chapters 17 and 18, we will consider 
methods used to predict the outcome of genetic crosses.

•	 Science and Society: In Chapter 21, we will examine genetic 
technologies that have many applications in our society.

•	 Process of Science: Every chapter in this unit has a Feature 
Investigation that describes a pivotal experiment that 
provided insights into our understanding of genetics.

∙∙ Learning Outcomes: As advocated in Vision and Change, 
educational materials should have well-defined learning goals. 
Each section of every chapter begins with a set of Learning 
Outcomes. These outcomes inform students of the key concepts 
they will learn and the skills they will acquire in mastering 
the material. They also provide a tangible indication of how 
student learning will be assessed. The assessments in Connect 
were developed using these Learning Outcomes as a guide in 
formulating online questions, thereby linking the learning goals 
of the text with the assessments in Connect.

13.1        Overview of Non-coding RNAs
Learning Outcomes:

1. Describe the ability of ncRNAs to bind to other molecules  
and macromolecules.

2. Outline the general functions of ncRNAs.
3. Define ribozyme.
4. List several examples of ncRNAs, and describe their functions.

The study of ncRNAs is a rapidly expanding field, and researchers 
speculate that many ncRNAs have yet to be discovered. Also, due to 
the relative youth of this field, not all researchers agree on the names 
of certain ncRNAs or their primary functions. Even so, some broad 
themes are beginning to emerge. In this section, we will survey the 
general features of ncRNAs, and in later sections, we will discuss 
specific examples in greater detail.

ncRNAs Can Bind to Different Types of Molecules
The ability of ncRNAs to carry out an amazing array of functions is 
largely related to their ability to bind to different types of molecules. 
Figure 13.1a shows four common types of molecules that are rec-
ognized by ncRNAs. Some ncRNAs bind to DNA or another RNA 
through complementary base pairing. This allows ncRNAs to affect 
processes such as DNA replication, transcription, and translation. In 
addition, ncRNAs can bind to proteins or small molecules.

As described in Chapter 12, RNA molecules, such as tRNAs, can 
form stem-loop structures (refer back to Figure 12.14). Similar struc-
tures in other ncRNAs may bind to pockets on the surface of proteins, 
or multiple stem-loops may form a binding site for a small molecule. 
In some cases, a single ncRNA may contain multiple binding sites. 
This allows an ncRNA to facilitate the formation of a large structure 
composed of multiple molecules, such as an ncRNA and three differ-
ent proteins, as shown in Figure 13.1b.

ncRNAs Can Perform a Diverse Set of Functions
In recent decades, researchers have uncovered many examples in 
which ncRNAs play a critical role in different biological processes. 
Let’s first consider how ncRNAs work in a general way. The common 
functions of ncRNAs are the following.

Scaffold Some ncRNAs contain binding sites for multiple compo-
nents, such as a group of different proteins. Much like the beams in 

a building, an ncRNA can act as a scaffold for the formation of a 
complex, as in Figure 13.1b.

Guide Some ncRNAs guide a molecule to a specific location in a 
cell. For example, an ncRNA may bind to a protein and guide it to a 
target site in the DNA that is part of a particular gene (Figure 13.2). 
This function also relies on the ncRNA having multiple binding sites: 
one for the protein and another for the target site in the DNA.

Alteration of Protein Function or Stability When it binds to a 
protein, an ncRNA can alter that protein’s structure, which in turn can 
have a variety of effects. The binding of an ncRNA may affect

∙ the ability of the protein to act as a catalyst
∙ the ability of the protein to bind to other molecules, such as 

proteins, DNA, or RNA
∙ the stability of the protein

Ribozyme Another interesting feature of some ncRNAs is that 
they function as ribozymes, which are RNA molecules with catalytic 
function. For example, in Chapter 12, we saw how peptidyltransfer-
ase, which is a component of the large ribosomal subunit, catalyzes 
peptide bond formation during translation (refer back to  Figure 
12.20). An rRNA within peptidyltransferase plays the key role in this 
catalysis. In other words, a part of the ribosome is a ribozyme.

Blocker An ncRNA may physically prevent or block a cellular pro-
cess from happening. For example, in bacteria, an antisense RNA is 
a type of ncRNA that is complementary to an mRNA. When an anti-
sense RNA binds to an mRNA, it blocks the ability of a ribosome to 
bind to the mRNA, thereby inhibiting translation.

ncRNA—binds to mRNA and blocks the 
ability of a ribosome to bind to the mRNA

5ʹ

ncRNA

mRNA

3ʹ

Decoy Some ncRNAs recognize other ncRNAs and sequester 
them, thereby preventing them from working. For example, a decoy 
ncRNA may bind to a different ncRNA called a microRNA (miRNA), 
which is described later in this chapter (Figure 13.3). The function of 

important roles in a variety of processes, including DNA replica-
tion, chromatin modification, transcription, translation, and genome 
defense. In most cell types, ncRNAs are more abundant than mRNAs. 
For example, in a typical human cell, only about 20% of transcription 
involves the production of mRNAs, whereas 80% is associated with 
making ncRNAs! This observation underscores the importance of 
RNA in the enterprise of life, and indicates why it deserves greater 
recognition and deeper study. Furthermore, abnormalities in ncRNAs 

are associated with a wide range of human diseases, including CHH, 
cancer, neurological disorders, and cardiovascular diseases. Many 
ncRNAs are also critical to the growth of plants, including the crop 
plants that are so essential to human survival.

In this chapter, we will begin with an overview of the general 
properties of ncRNAs, and then examine specific examples of the 
functions they perform. We will end the chapter by considering the 
role of ncRNAs in different human diseases and in plant health.
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A key purpose of a majors biology course is to prepare students 
for biology-related careers, including those in the health profes-
sions, teaching, and research. The author team has reflected on 
the direction of biology and how that direction will affect future 
careers that students may pursue. We are excited to announce that 
Biology, 5th edition, has four new chapters that reflect current 
trends in biology research and education. These trends are open-
ing the doors to exciting new career options in biology. 

∙∙ Chapter 13. Gene Expression at the Molecular Level II: 
Non-coding RNAs. The past decade or so has seen an explosion 
in the discovery of different types of non-coding RNAs. This 
work has revealed a variety of roles of non-coding RNAs at 
the molecular level, as well as roles in human diseases and 
plant health.

∙∙ Chapter 30. Microbiomes: Microbial Systems On and Around 
Us. Recent research has revealed the staggering complexity 
and biological importance of microbiomes—assemblages 
of microbes that are associated with a particular host or 
environment. This new chapter explores how microbiomes are 
analyzed and describes their interactions with diverse hosts, 
including humans, protists, and plants. 

∙∙ Chapter 53: Integrated Responses of Animal Organ Systems 
to a Challenge to Homeostasis. Systems biology has been a 
recent trend in biological research and education. This chapter 
takes systems biology to a new level by exploring how multiple 
organs systems respond in a coordinated way to the same 
threat—a challenge to homeostasis. 

∙∙ Chapter 59: The Age of Humans. We face a tug-of-war 
between the undesirable effects of humans on the environment 
and the efforts of ecologists to prevent such changes. This new 
chapter surveys the impacts that the growing human population 
has had on climate change and on the survival of native species. 
This material may inspire some students to pursue a career as an 
ecologist or environmental biologist.

With regard to the scientific content in the textbook, the author 
team has worked with faculty reviewers to refine this new edition 
and to update the content so that students are exposed to the most 
current material. In addition to the four new chapters and our new 
pedagogical additions involving Core Concepts, Core Skills, and 
Modeling Challenges, every chapter has been extensively edited 
for clarity, presentation, layout, readability, modifications of art-
work, and new and challenging end-of-chapter questions. Exam-
ples of some of the key changes are summarized below.

To help guide the revision for the 5th edition, the authors con-
sulted student usage data and input, which were derived from 
thousands of SmartBook® users of the 4th edition. SmartBook 
“heat maps” provided a quick visual snapshot of chapter usage 
data and the relative difficulty students experienced in master-
ing the content. These data directed the authors to evaluate text 
content that was particularly challenging for students. These same 
data were also used to revise the SmartBook probes.

∙∙ If the data indicated that the subject was more difficult than other 
parts of the chapter, as evidenced by a high proportion of students 
responding incorrectly to the SmartBook questions, the authors 
revised or reorganized the content to be as clear and illustrative 
as possible, for example, by rewriting the section or providing 
additional examples or revised figures to assist visual learners.

∙∙ In other cases, one or more of the SmartBook questions for 
a section was not as clear as it should have been or did not 
appropriately reflect the content in the chapter. In these cases 
the question, rather than the text, was edited.

USING STUDENT USAGE DATA TO MAKE IMPROVEMENTS

Below is an example of one of the heat maps from Chapter 8. The 
color-coding of highlighted sections indicates the various levels 
of difficulty students experienced in learning the material, topics 
highlighted in red being the most challenging for students.

Preparing Students for Careers in Biololgy with 
NEW Cutting-Edge Content
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∙∙ Chapter 1. An Introduction to Biology.  Chapter 1 provides a 
description of the Core Concepts (see Figure 1.4) and the 
Core Skills (see Section 1.6) that are advocated by Vision and 
Change.

Chemistry Unit
∙∙ Chapter 2. The Chemical Basis of Life I: Atoms, Molecules, 

and Water.  The topics of pH and buffers have been placed in 
their own section (see Section 2.4).

Cell Unit
∙∙ Chapter 4. Evolutionary Origin of Cells and Their General 

Features.  This chapter now begins with a discussion of the 
evolutionary origin of cells (see Section 4.1). It also discusses a 
new topic, droplet organelles, which are organelles that are not 
surrounded by a membrane (see Section 4.3).

∙∙ Chapter 6. An Introduction to Energy, Enzymes, and 
Metabolism.  For the topic of how cells use ATP as a source of 
energy, a revised subsection compares the Core Concept: 
Information to the Core Concept: Energy and Matter.  

∙∙ Chapter 7. Cellular Respiration and Fermentation.  A 
Modeling Challenge asks students to predict the effects of a 
mutation on the function of ATP synthase (see Figure 7.12).

∙∙ Chapter 10. Multicellularity.  Four figures have been revised 
to better depict the relative locations of cell junctions between 
animal cells.

Genetics Unit
∙∙ Chapter 11. Nucleic Acid Structure, DNA Replication, and 

Chromosome Structure.  Figure 11.8b has a Modeling Chal-
lenge that asks students to predict how the methylation of a base 
would affect the ability of that base to hydrogen bond with a 
base in the opposite strand.

∙∙ Chapter 13. NEW! Gene Expression at the Molecular Level 
II:  Non-coding RNAs. This new chapter begins with an over-
view of the general properties of non-coding RNAs and then 
describes specific examples in which non-coding RNAs are 
involved with chromatin structure, transcription, translation, 
protein sorting, and genome defense.  

∙∙ Chapter 16. The Eukaryotic Cell Cycle, Mitosis, and Meio-
sis.  The Core Concept: Evolution  is highlighted in a subsec-
tion that explains how mitosis in eukaryotes evolved from 
binary fission in prokaryotic cells (see Figure 16.10).

∙∙ Chapter 17. Mendelian Patterns of Inheritance.  The organi-
zation of this chapter has been revised to contain the patterns of 
inheritance that obey Mendel’s laws.  

∙∙ Chapter 18. Epigenetics, Linkage, and Extranuclear Inheri-
tance.  This chapter now covers inheritance patterns that violate 
Mendel’s laws. The topic of epigenetics has been expanded 
from one section in the previous edition to four sections in the 
5th edition (see Sections 18.1 through 18.4).

∙∙ Chapter 19. Genetics of Viruses and Bacteria.  Discussion of 
the Zika virus has been added to this chapter.

∙∙ Chapter 21. Genetic Technologies and Genomics.  The use of 
CRISPR-Cas technology to alter genes is now discussed (see 
Figure 21.10).

Evolution Unit
∙∙ Chapter 22. An Introduction to Evolution.  This chapter 

has been moved so that it is the first chapter in this unit on 
evolution.

∙∙ Chapter 23. Population Genetics.  After learning about the 
Hardy-Weinberg equation, students are presented with a 
Modeling Challenge that asks them to propose a mathematical 
model that extends the Hardy-Weinberg equation to a gene that 
exists in three alleles (see Figure 23.2).

∙∙ Chapter 25. Taxonomy and Systematics.  The topic of taxon-
omy is related to the Core Concept: Evolution through an 
explanation of how taxonomy is based on the evolutionary rela-
tionships among different species. 

∙∙ Chapter 26. History of Life on Earth and Human Evolu-
tion.  The topic of human evolution has been moved from the 
unit on diversity to this unit. The expanded version of this topic 
describes recent examples of human evolution and discusses the 
amount of genetic variation between different human popula-
tions (see Section 26.3).

Diversity Unit
∙∙ Chapter 27. Archaea and Bacteria.  This chapter has been 

reorganized to provide essential background for new Chapter 30 
(an exploration of microbiomes). The Core Skill: Connections 
is illustrated by linking electromagnetic sensing in bacteria with 
that in certain animals.

∙∙ Chapter 29. Fungi.  An overview of fungal phylogeny has 
been updated to reflect new research discoveries. Coverage of 
plant root-fungal associations (mycorrhizae) and lichens has 
been moved to new Chapter 30.

∙∙ Chapter 30. NEW!  Microbiomes: Microbial Systems On 
and Around Us.  This new chapter integrates information about 
microbial diversity (Chapters 27 through 29) with material on 
genetic technologies that is introduced in Chapter 21 to explain 
the evolutionary, medical, agricultural, and environmental 
importance of microbial associations.

∙∙ Chapter 31. Plants and the Conquest of Land.  The diagram-
matic overview of plant phylogeny has been updated to reveal 
challenges in understanding the pattern of plant evolution.

∙∙ Chapter 33. An Introduction to Animal Diversity.  Figure 
33.3, animal phylogeny, has been redrawn to reflect the idea 
that ctenophores, rather than sponges, are now considered to be 
the earliest diverging animals. Section 33.2 on animal classifica-
tion has been largely revised. 

∙∙ Chapter 34. The Invertebrates.  Following the new themes 
introduced in Chapter 33, this chapter has been reorganized to 
discuss ctenophores as the earlier evolving animals, followed 
by sponges, cnidria, jellyfish, and other radially symmetrical 
animals.

Flowering Plants Unit
∙∙ Chapter 36. An Introduction to Flowering Plant Form 

and Function.  A new chapter opener links the economic 
importance of plants, represented by cotton, to the significance 
of plant structure-function relationships.
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∙∙ Chapter 37. Flowering Plants: Behavior.  A Modeling Chal-
lenge links plant responses to conditions on Earth to those expe-
rienced in space. 

∙∙ Chapter 38. Flowering Plants: Nutrition.  In a  Modeling 
Challenge related to plant-microbe interaction process, students 
infer how specific mutations might affect an important nutri-
tional feature.

∙∙ Chapter 40. Flowering Plants: Reproduction.  This chapter 
explores intriguing parallels between the reproductive processes 
of animals and those of plants.

Animals Unit
∙∙ Chapter 41. Animal Bodies and Homeostasis.  A section enti-

tled “Homeostatic Control of Internal Fluids” (Section 41.4) 
now follows the section “General Principles of Homeostasis,” 
providing students with an understanding of body fluid com-
partments, osmolarity, and how animal bodies exchange ions 
and water with their environments. These concepts are impor-
tant to students’ understanding of subsequent chapters.

∙∙ Chapter 42. Neuroscience I: Cells of the Nervous Sys-
tem.  The Core Skill: Science and Society  is featured numer-
ous times in the unit on animals, including in  Figure 42.18 
which describes the use of magnetic resonance imaging in mod-
ern medicine.

∙∙ Chapter 43. Neuroscience II: Evolution, Structure, and 
Function of the Nervous System.  The Core Skill: Connec-
tions is also featured throughout the unit on animals, including 
in Figure 43.1 in which students are asked to identify the defin-
ing features of animals by referring to Chapter 33.

∙∙ Chapter 44. Neuroscience III: Sensory Systems.  New 
research demonstrating a correlation between the types of loco-
motion of vertebrates and the relative sizes of their semicircular 
canals is described.

∙∙ Chapter 46. Nutrition and Animal Digestive Systems.  A 
Modeling Challenge was added in which students are tasked 
with creating models of hypothetical alimentary canals of two 
species with different diets, eating patterns, and teeth.

∙∙ Chapter 47. Control of Energy Balance, Metabolic Rate, 
and Body Temperature.  The meaning of body mass index and 
its usefulness and limitations are more fully elucidated, and data 
on obesity statistics in the United States have been updated to 
reflect current trends.

∙∙ Chapter 48. Circulatory and Respiratory Systems.  These 
topics were formerly addressed in two chapters but are now 
integrated into a single chapter that streamlines the presentation 

and emphasizes important connections between the two 
systems. 

∙∙ Chapter 49. Excretory Systems.  The chapter has been more 
narrowly focused on excretory systems by moving the material on 
osmoregulation and body fluids earlier in the unit, to Chapter 41.

∙∙ Chapter 51. Animal Reproduction and Development.  For-
merly two chapters, this material is now covered in one chapter, 
which eliminated redundancy in coverage. For example, the 
topic of fertilization (Section 51.2) is now covered in its entirety 
in the same section as the topic of gametogenesis, rather than 
being split between two chapters.

∙∙ Chapter 52. Immune Systems.  Exciting new information has 
been added that describes the evolution of toll-like receptors 
and the presence of a TLR-domain in bacterial genes associated 
with immune defenses. 

∙∙ Chapter 53. NEW!  Integrated Responses of Animal Organ 
Systems to a Challenge to Homeostasis.  This new chapter 
integrates material from virtually the entire unit on animals, 
using a classic challenge to homeostasis as an example. It 
includes a compelling case study of a young athlete that begins 
and concludes the chapter.

Ecology Unit
∙∙ Chapter 54. An Introduction to Ecology and Biomes.  The 

section on aquatic biomes as been expanded with a new figure 
and explanation of the annual cycle of temperate lakes, as well 
as new information on tide formation and waves.

∙∙ Chapter 57. Species Interactions.  This chapter has been 
reduced in length by the deletion of four figures and streamlined 
for easier understanding.

∙∙ Chapter 58. Communities and Ecosystems: Ecological Orga-
nization at Large Scales.  This chapter has been reorganized to 
include both community ecology and ecosystems ecology. 

∙∙ Chapter 59. NEW! The Age of Humans.  This new chapter 
synthesizes information concerning the effects of humans on 
the natural environment. It contains discussions of human pop-
ulation growth (previously covered in Chapter 56), the effect 
of global warming on climate change (previously covered in 
Chapter 54), and human effects on biogeochemical cycles and 
biomagnification (previously covered in Chapter 59), and new 
information on habitat destruction, overexploitation, and inva-
sive species.

∙∙ Chapter 60. Biodiversity and Conservation Biology.  The 
coverage of the value of biodiversity to human welfare, detailed 
in Section 60.3 has been updated and expanded.
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Strengthening Problem-Solving Skills and Key 
Concept Development with Connect®

Detailed Feedback in Connect®

Learning is a process of iterative development, of making mis-
takes, reflecting, and adjusting over time. The question and test 
banks in Connect® for Biology, 5th edition, are more than direct 
assessments; they are self-contained learning experiences that 
systematically build student learning over time.

For many students, choosing the right answer is not necessarily 
based on applying content correctly; it is more a matter of increas-
ing the statistical odds of guessing. A major fault with this approach 
is students don’t learn how to process the questions correctly, mostly 
because they are repeating and reinforcing their mistakes rather 
than reflecting and learning from them. To help students develop 
problem-solving skills, all higher-level Bloom’s questions in Con-
nect are supported with hints, to help students focus on important 
information needed to answer the questions, and detailed feedback 
that walks students through the problem-solving process, using 
Socratic questions in a decision-tree framework to scaffold learn-
ing, in which each step models and reinforces the learning process.

The feedback for each higher-level Bloom’s question (Apply, 
Analyze, Evaluate) follows a similar process: Clarify Question, 
Gather Content, Consider Alternatives, Choose Answer, Reflect 
on Process.

Rather than leaving it up to the student to work through the 
detailed feedback, we present a second version of the question in 
a stepwise format. Following the problem-solving steps, students 
need to answer questions about the problem-solving process, such 
as “What is the key concept addressed by the question?” before 
answering the original question. A professor can choose which 
version of the question to include in the assignment based on the 
problem-solving skills of the students.

Graphing Interactives
To help students develop analytical skills, Connect® for Biol-
ogy, 5th edition, is enhanced with interactive graphing ques-
tions. Students are presented with a scientific problem and the 
opportunity to manipulate variables, producing different results 
on a graph. A series of questions follows the graphing activity 
to assess if the student understands and is able to interpret the 
data and results. 

Unpacking the Concepts
We’ve taken problem solving a step further. In each chapter, two 
higher-level Bloom’s questions in the question and test banks 
are broken down according to the steps in the detailed feedback. 
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1
C H A P T E R  O U T L I N E

1.1	 Levels of Biology

1.2	 Core Concepts of Biology

1.3	 Biological Evolution

1.4	 Classification of Living Things

1.5	 Biology as a Scientific Discipline

1.6	 Core Skills of Biology

Summary of Key Concepts

Assess & Discuss

An Introduction  
to Biology

iology is the study of life. The diverse forms of life 
found on Earth provide biologists with an amazing array 

of organisms to study. In many cases, the investigation of living 
things leads to discoveries that no one would have imagined. For 
example, researchers determined that the venom from certain 
poisonous snakes contains a chemical that lowers blood pressure 
in humans. By analyzing that chemical, scientists developed drugs 
to treat high blood pressure (Figure 1.1).

Biologists have discovered that plants can communicate 
with each other. For example, the beautiful umbrella thorn acacia 
(Vachellia tortillis), shown in Figure 1.2, emits volatile organic mol-
ecules when it is attacked by herbivores. These molecules warn 
other nearby acacia trees that herbivores are in the area, and 
those trees release toxins to protect themselves.

Another interesting example of a biological discovery is a 
seemingly bizarre phenomenon known as zombie parasites. As 
you may know, zombies are fictional creatures featured in some 
horror and fantasy novels and movies, where they appear as dead 

Figure 1.1  The Brazilian arrowhead viper and an inhibitor of high 
blood pressure.  Derivatives of a chemical, called an angiotensin-
converting enzyme (ACE) inhibitor, are found in the venom of the 
Brazilian arrowhead viper and are commonly used to treat high 
blood pressure. ©Francois Gohier/Science Source

Figure 1.2  Plant communication.  If attacked by herbivores, this 
acacia tree will emit molecules that will warn other acacia trees in 
the area. ©Mark Snodgrass/Getty Images
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The giraffe, genus Giraffa.  Giraffes, which are found in Africa, are 
the tallest living terrestrial animals. They are members of the genus 
Giraffa. Until recently, biologists thought that all giraffes belonged to  
a single species. As discussed later in this chapter, that view may be 
changing as a result of analyses of genetic features of giraffes from 
different regions of Africa. ©Robert Muckley/Getty Images
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Future biologists will continue to make important advances. 
Biologists are scientific explorers looking for answers to some of 
life’s most enduring mysteries. Unraveling these mysteries presents 
exciting challenges to the best and brightest minds. The rewards of 
a career in biology include the excitement of forging into uncharted 
territory, the thrill of making discoveries that can improve the health 
and lives of people, and the satisfaction of trying to preserve the 
environment and protect endangered species. For these and 
many other compelling reasons, students seeking challenging and 
rewarding careers may wish to choose biology as a lifelong pursuit.

In this chapter, we will begin by examining the levels of biology 
and the core concepts that are common to all forms of life. One 
of those core concepts is evolution, which is discussed in greater 
depth in Section 1.3. We then explore the general approaches that 
scientists follow when making new discoveries. Finally, we will 
consider the skills that students need to develop as they pursue 
careers in this exciting discipline and the ways in which this text-
book fosters those skills.

creatures that are able to move because of some magical force. A 
zombie parasite is a parasite that infects its host and is then able to 
control the host’s behavior. A relatively small group of researchers 
have begun to investigate this phenomenon, and their work has 
spawned a new field called neuroparasitology—the study of how 
parasites control the nervous systems of their hosts. During the 
past few decades, researchers have discovered many examples of 
zombie parasites. A few are described in Table 1.1.

These are but a few of the many discoveries that make biology 
an intriguing discipline. The study of life not only reveals the fascinat-
ing characteristics of living species but also leads to the develop-
ment of medicines and research tools that benefit the lives of people.

To make new discoveries, biologists view life from many differ-
ent perspectives: What is the composition of living things? How is 
life organized? How do organisms reproduce? Sometimes the ques-
tions posed by biologists are fundamental 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?

Table 1.1          Examples of Zombie Parasites

Host Parasite Description

House cricket 
(Acheta domesticus)

Horsehair worm 
(Paragordius varius)

A horsehair worm larva infects a cricket and grows inside it. The cricket is terrestrial, but the adult stage of 
the horsehair worm is aquatic. When the larva matures into an adult, it alters the behavior of the cricket, 
causing it to jump into the nearest body of water! As the cricket drowns, an adult horsehair worm emerges.

Spider (Plesiometa 
argyra)

Wasp (Hymenoepimecis 
argyraphaga)

A female wasp glues an egg onto a spider’s body. After the egg develops into a larva, the larva pokes 
a few holes in the spider’s abdomen, which allows it to suck the spider’s blood and also to transfer 
chemicals into the spider, which control its behavior. The spider stops building its normal orb-shaped 
web and starts building a web whose geometry is strikingly different: The new web is designed to 
suspend the larva’s cocoon in the air, where it will be protected from predators.

Various vertebrates, 
including mice and 
rats

Protozoan (Toxoplasma 
gondii)

Toxoplasma gondii is a parasite whose life cycle involves more than one vertebrate host. The definitive 
host is the cat, which is where T. gondii becomes mature and reproduces sexually. An intermediate 
host can be any of a variety of vertebrates, including mice and rats, which can ingest the parasite from 
cat feces. In the intermediate host, the parasite develops and reproduces asexually. To escape an 
intermediate host, such as a mouse or rat, and move to the definitive host, T. gondii dramatically alters 
the host's behavior. The infected animal becomes attracted to the smell of cat urine! This makes it 
more likely to be eaten by a cat and thereby allows T. gondii to enter its definitive host and mature.

1.1	 ��Levels of Biology
Learning Outcome:

1.	 Explain how life can be viewed at different levels of biological 
complexity.

Let’s begin our journey through the wonderful world of biology by 
considering how life is organized. The term organism can be applied 
to all forms of life. Organisms maintain an internal order that is sepa-
rated from the environment. The complexity of living organisms can 
be analyzed at different levels, starting with the smallest level of orga-
nization and progressing to levels that are physically much larger and 
more complex. Figure 1.3 depicts a biologist’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. A polymer such as a polypeptide 
is formed of many molecules bonded together and is called a 
macromolecule. Carbohydrates, proteins, and nucleic acids (DNA 
and RNA) are important macromolecules found in living organisms.

	 3.	 Cells.  The simplest unit of life is the cell, which we will 
examine in Unit II. A cell is surrounded by a membrane and 
contains a variety of molecules and macromolecules. Unicellular 
organisms are composed of one cell, whereas multicellular 
organisms, such as plants and animals, contain many cells.

	 4.	 Tissues.  In multicellular organisms, 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.
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Figure 1.3  The levels of biological organization.

Concept Check:    At which level of biological organization would you place a herd of buffalo?

	 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 
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.

	 7.	 Population.  A group of organisms of the same species that 
occupy the same environment is called a population.

	 8.	 Community.  A biological community is an assemblage of 
populations of different species. The types of species found in 

a community are determined by the environment and by the 
interactions of species with each other.

	 9.	 Ecosystem.  Researchers may extend their work beyond living 
organisms and also study the physical environment. Ecologists 
analyze ecosystems, which are formed by interactions of a 
community of organisms with their physical environment.  
Unit VIII considers biological organization from populations  
to ecosystems.

	10.	 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.
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4	 CHAPTER 1

1.2           Core Concepts of Biology
Learning Outcome:
	 1.	 Describe the core concepts of biology as advocated by “Vision 

and Change.”

In 2007, the American Association for the Advancement of Science 
initiated a series of regional conversations with more than 200 biol-
ogy faculty to discuss how to improve undergraduate biology edu-
cation. In 2009, using the findings of these regional conversations, 
the organization held a conference called “Vision and Change in 

(a) Evolution:
Biological evolution, or simply evolution, refers to a heritable change in a population of 
organisms from generation to generation. As a result of evolution, populations become 
better 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. Over the course of many generations, the fossil record indi-
cates that the long snout occurred via biological evolution in which modern anteaters 
evolved from populations of organisms with shorter snouts.

(b) Structure and function:
Biologists often say “structure determines function.” This core concept pertains 
to very tiny biological molecules and to very large biological structures. The feet 
of different birds provide a striking example. 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. The structure of a bird’s feet, webbed versus non-
webbed, is a critical feature that affects their function.

(c) Information:
Genetic material composed of DNA (deoxyribonucleic acid) provides a blueprint for the 
organization, development, and function of living things. During reproduction, a copy 
of this blueprint is transmitted from parents to offspring. DNA is heritable, which means 
that offspring inherit DNA from their parents. A key feature of reproduction is that 
offspring tend to have characteristics that greatly resemble those of their parent(s). As 
seen here, this mother dolphin and her offspring have strikingly similar features.

(d) Energy and matter:
All living organisms acquire energy and matter from the environment and use them 
to synthesize essential molecules and maintain the organization of their cells and 
bodies. These sunflower plants carry out photosynthesis in which they capture light 
energy and acquire carbon dioxide and water, thereby allowing them to make car-
bohydrates. This process provides energy and organic molecules so the plants can 
grow and produce beautiful flowers.

(e) Systems:
When the parts of an organism interact with each other or with the external environ-
ment 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 incoming light and transmit signals to the brain. 
Our ability to see is an emergent property of this complex arrangement of different cell 
types. Biologists use the term systems biology to describe the study of how new prop-
erties of life arise by complex interactions of its individual parts.

Figure 1.4  Core concepts of biology, as advocated by “Vision and Change.”  These core concepts will be emphasized throughout 
this textbook. a: ©Lucas Leuzinger/Shutterstock; b: ©G.K. & Vikki Hart/Getty Images; c: ©Image Source/Getty Images; d: Source: Photo by Bruce Fritz, USDA-ARS;  

e: ©Maria Teijeiro/Getty Images

Undergraduate Biology Education.” More than 500 biology faculty, 
college and university administrators, representatives of professional 
societies, and students and postdoctoral scholars from around the 
country attended the conference. The proceedings led to various rec-
ommendations that can be found at http://visionandchange.org.

A key outcome of “Vision and Change” was the identification of 
five core concepts of biology (Figure 1.4):

	 1.	 Evolution: The diversity of life evolved over time by processes 
of mutation, natural selection, and genetic exchange.

	 2.	 Structure and function: Basic units of structure define the 
function of all living things.
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	 3.	 Information flow, exchange, and storage: The growth and 
behavior of organisms are activated through the expression of 
genetic information.

	 4.	 Pathways and transformations of energy and matter: 
Biological systems grow and change via processes that are based 
on chemical transformation pathways and are governed by the 
laws of thermodynamics.

	 5.	 Systems: Living systems are interconnected and interacting.

A key goal of this textbook is to bring to life these five core concepts 
of biology. These concepts will be highlighted in each chapter with 
a “Vision and Change” icon, , which indicates subsections and  
figures that focus on one or more of these five core concepts.

1.3	  Biological Evolution
Learning Outcomes:
	 1.	 Explain two mechanisms by which evolutionary change occurs: 

vertical descent with mutation and horizontal gene transfer.
	 2.	 Describe how changes in genomes and proteomes underlie 

evolutionary changes.

Unity and diversity are two words that often are used to describe the 
living world. All modern forms of life display a common set of char-
acteristics that distinguish them from nonliving objects. In this sec-
tion, we will explore how this unity of common traits is rooted in the 
phenomenon of biological evolution, or simply evolution, which is 
a heritable change in a population of organisms from one generation 
to the next. Life on Earth is united by an evolutionary past in which 
modern organisms have evolved from populations of pre-existing 
organisms. This unity is a core concept of biology.

However, evolutionary unity does not mean that organisms are 
exactly alike. The Earth has many different types of environments, 
ranging from tropical rain forests to salty oceans, hot and dry des-
erts, and 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 and the following 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 have 
undergone evolutionary changes that ultimately gave rise to the 
species we see today. Understanding the evolutionary history of 
species can provide key insights into the structure and function 
of an organism’s body, because evolutionary change frequently 
involves modifications of characteristics in pre-existing popula-
tions. Over long periods of time, populations may change so that 
structures with a particular function 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 front limb that was used for walking in a pre-existing ancestor 
(Figure 1.5).

Evolutionary Change Involves Changes  
in the Genetic Material
The example shown in Figure 1.5 represents evolution at the macro- 
scopic level. At the molecular level, evolution involves changes in 
the genetic material, which is composed of DNA (deoxyribonucleic 
acid). DNA 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), which 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 proteins play a 
key role in determining the traits of organisms.

On relatively rare occasions, changes may occur in DNA. 
A mutation is a heritable change in the genetic material—one 
that can be passed from cell to cell or from parent to offspring. 
Mutations can alter the properties of genes and thereby affect the 
characteristics of the offspring that inherit them. With regard to 
survival, mutations can be beneficial, detrimental, or neutral. As 
described next, changes in the genetic material underlie the pro-
cess of evolution.

Ancestral
limb

Bat wing

Dolphin
flipper

Modification over time  

Figure 1.5  An example of 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.

Core Concepts: Evolution, Structure and Function   
Via evolution, the different structures of the front limbs 
seen here result in functions that are best suited for 
these organisms.
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Changes to the Genetic Material during Evolution 
May Occur in Different Ways 
As a given species evolves and as new species are formed, different 
types of mechanisms may cause changes in the genetic material. Two 
common mechanisms are vertical descent with mutation and horizon-
tal gene transfer. Let’s take a brief look at each one.

Vertical Descent with Mutation  The traditional way to study 
evolution is to examine a progression of changes in a series of related 
ancestral species. Such a series is called a lineage. Figure 1.6 shows 
a portion of the lineage that gave rise to modern horses. This type of 
evolution is called vertical evolution because it occurs in a lineage. 
Biologists have traditionally depicted such evolutionary change in a 
diagram like the one shown in Figure 1.6. In this mechanism of evo-
lution, new species evolve from pre-existing ones by the accumula-
tion of mutations. But why would some mutations accumulate in a 
population and eventually change the characteristics of an entire spe-
cies? 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 some-
times 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 Hyracoth-
erium were relatively small compared with those of modern horses. 
Over the course of millions of years, horses' 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 charac-
teristics? They can be attributed to natural selection, in which changing 
global climates favored the survival and reproduction of horses with 
certain types of traits. Over North America, where much of horse evo-
lution occurred, large areas changed from dense forests to grasslands. 

Figure 1.6  An example of vertical evolution: the 
horse lineage.  This diagram shows the horse lineage. 
The highlighted branch gave rise to the modern horse 
(Equus), which evolved from ancestors that were much 
smaller. The vertical evolution shown here occurred 
due to the accumulation of mutations that altered the 
traits of the species.

Concept Check:    What is the relationship between 
biological evolution and natural selection?
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Bacterial species such as 
Escherichia coli
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gene

Antibiotic- 
resistance 
gene from 
E. coli
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gene 
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another 
species

DNA DNA

Bacterial species such as 
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Figure 1.7  An example of horizontal gene transfer: antibiotic 
resistance.  One bacterial species may transfer a gene, such as a 
gene that confers resistance to an antibiotic, to another bacterial 
species.

Horses with genetic variation that made them larger were more likely 
to escape predators and to be able to 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 types of veg-
etation 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 trans-
fer 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 later chapters, genes are 
sometimes transferred between organisms by other mechanisms. 
These other mechanisms are collectively known as horizontal 
gene transfer, which is the transfer of genetic material from one 
organism to another organism that is not its offspring. 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 antibiotics among bacteria is a growing 
medical problem. As discussed in Chapter 19, genes that confer 
antibiotic resistance are sometimes transferred between different 
bacterial species (Figure 1.7).

Genes transferred horizontally may be subject to natural selection 
and promote changes in an entire species. This has been an important 
mechanism of evolutionary change, particularly among bacterial spe-
cies. In addition, during the early stages of evolution, which occurred 
a few billion years ago, horizontal gene transfer was an important part 
of the process that gave rise to all modern species.

Traditionally, biologists have described evolution using diagrams 
that depict the vertical evolution of species on a long time scale. This 
type of evolutionary tree was shown earlier in Figure 1.6. For many 
decades, a simplistic view held that all living organisms evolved from 
a common ancestor, resulting in a “tree of life” that depicted the verti-
cal evolution that gave rise to all modern species. Now that we under-
stand the great importance of horizontal gene transfer in the evolution 
of life on Earth, biologists have re-evaluated the way evolution has 
occurred over time. Rather than a tree of life, a more appropriate way 

Core Concept: Evolution

The Study of Genomes and Proteomes  
Provides an Evolutionary Foundation  
for Our Understanding of Biology

As we have seen, evolutionary unity is a core concept of biology. 
We can understand the unity of modern organisms by realizing 
that all living species evolved from an interrelated group of ances-
tors. However, from an experimental perspective, this realization 
presents a dilemma—we cannot take a time machine back over 
the course of 4 billion years to carefully study the characteristics 
of extinct organisms and fully appreciate the series of changes that 
have led to modern species. Fortunately, though, evolution has 
given biologists some wonderful puzzles to study, including the 
fossil record and the genomes of modern species.

The term genome refers to the complete genetic composition 
of an organism or species (Figure 1.9a). The genomes of bacteria 
and archaea usually contain a few thousand genes, whereas those 
of eukaryotes may contain tens of thousands. A genome is critical 
to life because it performs these functions:

∙	� Stores information in a stable form: The genome of every 
organism stores information that provides a blueprint for 
producing that organism's characteristics.

∙	� Provides continuity from generation to generation: The genome 
is copied and transmitted from generation to generation.

∙	 Acts as an instrument of evolutionary change: Every now 
and then, the genome undergoes a mutation that may alter 
the characteristics of an organism. In addition, a genome 
may acquire new genes by horizontal gene transfer. The 
accumulation of genome changes from generation to 
generation produces the evolutionary changes that alter 
species and produce new species.

An exciting advance in biology over the past couple of decades 
has been the ability to analyze the DNA sequence of genomes, a 
technology called genomics. For example, a researcher can com-
pare the genomes of a frog, a giraffe, and a petunia and discover 
intriguing similarities and differences. These comparisons help us 
to understand how new traits evolved. All three types of organ-
isms have the same kinds of genes needed for the breakdown of 
nutrients such as sugars. In contrast, only the petunia has genes 
that allow it to carry out photosynthesis. Also, genomics helps 
us to understand evolutionary relationships. As discussed later in 
this chapter, researchers analyzed the genomes of giraffes across 
Africa and concluded that they constitute four distinct species.

to view the unity of living organisms is as a “web of life,” as shown 
in Figure 1.8, which accounts for both vertical descent and horizon-
tal gene transfer. In a lineage in which the time scale is depicted on 
a vertical axis, horizontal gene transfer between different species is 
shown as a horizontal line. 

bro69626_ch01_001-022.indd   7 10/8/18   11:38 AM



8	 CHAPTER 1

1.4  �Classification of Living Things
Learning Outcome: 

1.	 Outline how organisms are classified.

As biologists study species and discover new species, they try to 
place them into groups based on their evolutionary history. This is a 
difficult task because researchers estimate that the Earth has between 
5 and 50 million different species! The rationale for classification is 
based on vertical descent. Species with a recent common ancestor 
are grouped together, whereas species whose common ancestor was 
in the very distant past are placed into different groups. The field of 
biology that is concerned with the grouping and classification of spe-
cies is termed taxonomy.

Why is taxonomy useful? First, taxonomy allows use to appre-
ciate the amazing diversity of life on Earth. Also, because taxon-
omy is based on evolution, it provides a view of the evolutionary 
relationships among living species, and between living and extinct 
species.

Bacteria Archaea Eukarya

Common ancestral community of primitive cells

AnimalsFungi Plants Protists

Vertical evolution
Horizontal gene transfer

KEY

Figure 1.8  The web of life, showing both vertical descent and horizontal gene transfer.  This diagram includes both of these important 
mechanisms in the evolution of life on Earth. Note: Archaea are unicellular species that are similar in cell structure to bacteria.

Concept Check:    How does the concept of a tree of life differ from that of a web of life?

An extension of genome analysis is the study of the proteome, 
which refers to all of the proteins that a cell or organism makes. 
The function of most genes is to encode polypeptides that become 
units in proteins. As shown in Figure 1.9b, these include proteins 
that form a cytoskeleton and proteins that function in cell organi-
zation and as enzymes, transport proteins, cell-signaling proteins, 
and extracellular proteins. The genome of each species carries the 
information to make its proteome—the hundreds or thousands of 
proteins that each cell of that species makes. Proteins are largely 
responsible for the structures and functions of cells and organ-
isms. The set of techniques known as proteomics allows research-
ers to analyze the proteome of a single species and compare the 
proteomes of different species. Proteomics helps us understand 
how the various levels of biology are related to one another, from 
the molecular level—at the level of protein molecules—to higher 
levels, such as how the functioning of proteins produces the char-
acteristics of cells and organisms and affects the ability of popula-
tions of organisms to survive in their natural environments.
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The Classification of Living Organisms  
Allows Biologists to Appreciate the Unity  
and Diversity of Life
Let’s first consider taxonomy on a broad scale. You may have noticed 
that Figure 1.8 showed three main groups of organisms. From an evo-
lutionary perspective, all forms of life can be placed into those three 
large categories, or domains, called Bacteria, Archaea, and Eukarya 
(Figure 1.10). Bacteria and archaea are microorganisms that are also 
termed prokaryotic because their cell structure is relatively simple. At 
the molecular level, bacterial and archaeal cells show significant differ-
ences in their compositions. By comparison, organisms in the domain 
Eukarya are eukaryotic and have cells with internal compartments that 

serve various functions. A defining distinction between prokaryotic and 
eukaryotic cells is that eukaryotic cells have a cell 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), Plan-
tae (plants), Fungi, and Animalia (animals). However, as discussed in 
Chapter 25 and Unit V, this traditional view became invalid as biolo-
gists gathered new information regarding the evolutionary relation-
ships of these organisms. We now know that the protists do not form 
a single kingdom but instead are divided into several broad categories 
called supergroups.

Taxonomy involves multiple levels in which particular spe-
cies are placed into progressively smaller and smaller groups whose 

Figure 1.9  Genomes and proteomes.  (a) The genome, which is composed of DNA, is the entire genetic composition of an organism. Most of 
the genetic material in eukaryotic cells is found in the cell nucleus. The primary function of the genome is to encode the proteome (b), which is 
the entire protein complement of a cell or organism. Six general categories of proteins are illustrated. Proteins are largely responsible for the 
structure and function of cells and organisms.

Concept Check:    Biologists sometimes say that the genome is the storage unit of life, whereas the proteome is largely the functional unit of life. Explain this 
statement. 

(a) The genome

Sets of 
chromosomes

Nucleus

DNA
Cytoplasm

Extracellular fluid
(b) The proteome

Cell signaling:
Proteins are needed 
for cell signaling with 
other cells and with the 
environment.

Cell organization:
Proteins organize the 
components within 
cells.

Extracellular 
proteins:
Proteins hold cells 
together in tissues.

Cytoskeleton: 
Proteins are involved in 
cell shape and 
movement.

In eukaryotes, most of the genome is 
contained within chromosomes that are 
located in the cell nucleus.

Most genes encode mRNAs 
that contain the information to 
make proteins.

Enzymes:
Proteins function as 
enzymes to synthesize 
and break down cellular 
molecules and 
macromolecules.

Transport proteins:
Proteins facilitate the 
uptake and export of 
substances.

Gene

Chromosome
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