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Key terms
base-pairing rule

cell

DNA

eukaryotic cell

gene

multicellular 
nucleotide

organelle

organ system

polynucleotide

prokaryotic cell

protein

specialized cell

Disciplinary Core Ideas Activity 
number

Show understanding of these core ideas 

Specialized cells provide essential life functions

c 1 There are two types of cells: prokaryotic and eukaryotic. Plant and animal cells 
are eukaryotic cells.

21  22  23

c 2 Cells contain specialized components called organelles. Each organelle carries 
out a specialized role in the cell. 

24-33

c 3 Many cells are specialized to carry out specific roles. The size, shape, and 
number of organelles in a cell depends on the cell’s role.

34  35

Genes on DNA code for proteins

c 4 A cell’s genetic information is carried in a molecule called DNA. DNA is a 
polynucleotide; it is made up of many smaller components, called nucleotides, 
joined together. DNA has a double-helix structure.

36  37  38  
39

c 5 Nucleotides pair together according to the base-pairing rule. Adenine always pairs 
with thymine and cytosine always pairs with guanine.

38  39

c 6 A gene is a region of DNA that codes for a specific protein. Proteins carry out 
most of the work in a cell. The shape of a protein helps it to carry out its job.

40  41

Multicellular organisms are organized in a hierarchical way

c 7 Multicellular organisms exhibit a hierarchical structure of organization. 
Components at each level of organization are part of the next level.

20

c 8 Multicellular organisms have complex organ systems, made up of many 
components. Each system has a specific role, but different organ systems interact 
and work together so that the organism can carry out essential life functions.

42  43  44  
46

Crosscutting Concepts Activity 
number

Understand how these fundamental concepts link different topics

c 1  SF  The determination of DNA's structure required a detailed examination of 
its components and enabled its function to be understood.  

37  38  40  
41  42  

c 2 SF  The functions and properties of cells can be inferred from their 
components and their overall structure.

22  23  34  
35

Science and Engineering Practices Activity 
number

Demonstrate competence in these science and engineering practices

c 1 Use a model to show that multicellular organisms have a hierarchical structure 
and that components from one level contribute to the next.

20  22  23  

c 2 Use a model to show that parts of a system interact to fulfil life functions. 41 - 43  46  

c 3 Construct and use a model to illustrate the structure of DNA. 39

c 4 Construct an explanation based on evidence for how the structure of DNA 
determines the structure of proteins.

42

Cell Specialization
& Organization

Cell Specialization 
and Organization
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Thin, flat epithelial cells 
line the walls of blood 
vessels (arrow). Large fat 
cells store lipid. 

1. What is the advantage of cell specialization in a multicellular organism?  

2. For each of the following specialized animal cells, name a feature that helps it carry out its function:

 (a) White blood cell:  

 (b) Sperm cell:  

 (c) Nerve cell:  

 (d) Red blood cell:  

Some nerve 
cells are over 
1 m long. 

SEM: White blood cell
TEM: Cellular projections 
of intestinal cell

SEM: Egg and sperm

Some animal cells can move or 
change shape. A sperm cell must be 
able to swim so that it can fertilize an 
egg. A white blood cell changes its 
shape to engulf and destroy foreign 
materials (e.g. bacteria). 

Cells that line the intestine have extended cell 
membranes. This increases their surface area 
so that more food (nutrients) can be absorbed. 
Red blood cells (RBCs) have no nucleus so 
they have more room inside to carry oxygen 
around the body.

The egg (ovum) is the largest 
human cell. It is about 0.1 
mm in diameter and can be 
seen with the naked eye. The 
smallest human cells are sperm 
cells and red blood cells.
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Specialization in animal cells

 fThere are over 200 different types of 
cells in the human body.

 fAnimal cells lack a cell wall, so they 
can take on many different shapes. 
Therefore, there many more types of 
animal cells than there are plant cells. 

 fSpecialized cells often have 
modifications or exaggerations to a 
normal cell feature to help them do their 
job. For example, nerve cells have long, 
thin extensions to carry nerve impulses 
over long distances in the body.

 fSpecialization improves efficiency 
because each cell type is highly 
specialized to perform a particular task.

Specialization in Animal Cells
Key Idea:  There are many different types of animal cells, each with a specific role in the body. Animal 

cells are often highly modified for their specific role.
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Loss of water vapor (H2O) is a 
consequence of gas exchange. 
The plant can reduce water 
loss by closing the stomata but 
this also stops photosynthesis 
because the carbon dioxide 
(CO2) cannot enter the leaf. If 
the plant cannot replace the 
water it loses it will wilt and die.

The evaporation of water from 
the leaves (transpiration) 
draws water up from the roots. 

The plant exchanges gases with the 
environment by diffusion through 
pores in the leaf called stomata. 

1.  In what way are the shoot and root system connected?  

2. (a) How do gases enter the shoot system?  
 
 (b) How does gas exchange affect a plant's water balance?  

3. How do the root and shoot systems work together to maintain water balance?  

Water and minerals are absorbed from 
the soil by the root system. A large 
water uptake enables the plant to take 
up the minerals it needs, as these are 
often in low concentration in the soil.

Water (and minerals) are transported 
around the plant in the xylem.

The vascular tissues or plant "veins" are the phloem 
and xylem. These tissues are continuous throughout 
the plant, from the roots to the shoots. 

Leaf cross section

Stem cross section

Root cross section

Xylem

Phloem
Vascular 
cylinder

Vascular 
bundles

Sugar (in sap) is transported in the 
phloem. It moves from the leaves 
where it is made, to where it is 
needed (e.g. the flowers and roots).

Oxygen (and water 
vapor) are produced by 
cellular respiration.

Carbon dioxide 
is needed for 
photosynthesis.

H2O

H2O CO2O2

Interacting Systems in Plants
Key Idea: The shoot and root systems of plants interact to balance water uptake and loss, so that the 

plant can maintain the essential functions of life.
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1. What is the purpose of DNA replication?  

2. What would happen if DNA was not replicated prior 
to cell division?

3. Explain what semi-conservative replication means:

4. How are enzymes involved in DNA replication?

DNA replication duplicates chromosomes

DNA replication is semi-conservative

DNA Replication
Key Idea: Before a cell can divide, the DNA must be copied. DNA replication produces two identical 

copies of DNA. A copy goes to each new daughter cell. 

66

 fBefore a cell can divide, its DNA must be copied 
(replicated). DNA replication ensures that the two 
daughter cells receive identical genetic information.

 f In eukaryotes, DNA is organized into structures 
called chromosomes in the nucleus.

 fAfter the DNA has replicated, each chromosome 
is made up of two chromatids, which are joined at 
the centromere. The two chromatids will become 
separated during cell division to form two separate 
chromosomes. 

 fDNA replication takes place in the time between 
cell divisions. The process is semi-conservative, 
meaning that each chromatid contains half original 
(parent) DNA and half new (daughter) DNA.  

DNA replication is called semi-conservative. This is 
because each resulting DNA molecule is made up of one 
parent strand and one daughter strand of DNA. 

Replicated chromosome 
consists of two chromatids
joined at the centromere

Parent
chromosome

Centromere
links sister
chromatids

DNA replication creates
a chromosome with two

 identical chromatids

Chromatid

3' 5'3' 5'

Parent chromosome
before replication.
It is a double stranded 
DNA molecule.

Enzymes catalyze the 
addition of bases during 
replication of the DNA 
strand. Enzymes proof 
read and correct 
copying errors made 
during DNA replication.

Enzymes unzip the 
DNA and create a 
swivel point to 
“straighten out” the 
DNA strand.

5'3'

DNA that will become 
one chromatid

DNA that will become 
the other chromatid

Original 
‘parent’ DNA

New ‘daughter’ 
DNA

Each resulting DNA molecule is made up of one 
parent strand and one daughter strand of DNA. 
This is why DNA replication is called semi-con-
servative.
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 fPhotosynthesis takes place in disk-shaped organelles called 
chloroplasts (4-6 µm in diameter). The inner structure of 
chloroplasts is characterized by a system of membrane-bound 
compartments called thylakoids arranged into stacks called 
grana linked together by stroma lamellae. The light dependent 
reactions of photosynthesis occur in the thylakoids. 

 fPigments on these membranes called chlorophylls capture light 
energy by absorbing light of specific wavelengths. Chlorophylls 
reflect green light, giving leaves their green color.

 fChloroplasts are usually aligned with their broad surface parallel 
to the cell wall to maximize the surface area for light absorption. K
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wall

Chloroplasts78

1. Based on the information above, label the transmission electron micrograph (TEM) of a chloroplast below:

2. What does chlorophyll do?  

3. What features of chloroplasts help maximize the amount of light that can be absorbed?  

Image: Dartmouth College EM Facility

(a)

(b)

(c)

(d)

(e)

(f)(c)

Chloroplast structure

TEM image of a single chloroplast

Grana (sing. granum)

Liquid stroma contains 
the enzymes for the light 
independent phase.

Stroma lamellae connect grana. 
They account for 20% of the 
thylakoid membranes.

Thylakoid membranes provide 
a large surface area for light 
absorption. They are organized 
so as not to shade each other.

Chloroplast is enclosed by an 
inner and outer membrane

Starch granule

Lipid droplet

Plant cell

A mesophyll leaf cell contains 50-100 chloroplasts. 

Key Idea: Photosynthesis occurs in organelles called chloroplasts. Chloroplasts contain the pigment 
chlorophyll, which captures light energy. 
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When wolves were introduced to Coronation Island

Coronation Island is a small, 116 km2 island off the coast of Alaska. In 1960, the Alaska Department of Fish and 
Game released two breeding pairs of wolves to the island. Their aim was to control the black-tailed deer that had 
been overgrazing the land. The results (below) were not what they expected. Introduction of the wolves initially 
appeared to have the desired effect. The wolves fed off the deer and successfully bred, and deer numbers fell. 
However, within a few years the deer numbers crashed. The wolves ran out of food (deer) and began eating each 
other, causing a drop in wolf numbers. Within eight years, only one wolf inhabited the island, and the deer were 
abundant. By 1983, there were no wolves on the island, and the deer numbers were high.

What went wrong?

 fThe study showed Coronation Island was too small to sustain both the wolf and the deer populations.

 fThe deer could not easily find refuge from the wolves, so their numbers were quickly reduced.

 fReproductive rates in the deer may have been low because of poor quality forage following years of over-grazing. 
When wolves were introduced, predation and low reproductive rates, caused deer numbers to fall.

 fThe deer were the only food source for the wolves. When deer became scarce the wolves ate each other because 
there was no other prey available.

1964
13 wolves
Few deer

1968
1 wolf
Abundant deer

Pre 1960
No wolves
Abundant deer

1960
Wolves introduced 
Abundant deer

Two breeding pairs 
of wolves introduced

1. Why were wolves introduced to Coronation Island?  

2. (a) What were some of the factors that caused the unexpected result?  

 (b) What do these results tell you about the carrying capacity of Coronation Island?  

Key Idea:  Predator-prey interactions are not always predictable because environmental factors 
influence the relationship.

A Case Study in Carrying Capacity96

Coronation Island
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1. (a) What is a consumer?  

 (b) Consumers are categorized into different groups. What is this categorization based on?  

2. Where do consumers get their energy from?  

3. In the schematic system above, how are the movements of minerals and energy different?  

Key Idea:  Consumers (heterotrophs) are organisms that cannot make their own food. They get their 
food by consuming other organisms. 

Consumers107

What is a consumer?

Consumers (heterotrophs) are organisms that cannot make their own food and must get their food by consuming other 
organisms (by eating or extracellular digestion). Animals, fungi, and some bacteria are consumers. Consumers are 
categorized according to where they get their energy from (below).

Consumers need producers
Consumers rely on producers for survival, even if they do not consume them directly. Herbivores, such as the rabbit below, 
gain their energy by eating plants. Although higher level consumers, such as the eagle, may feed off herbivores, they still 
ultimately rely on plants to sustain them. Without the plants the rabbit would not survive, and the eagle could not eat it.

Herbivore
Food source: Plants
Example: Caribou

Herbivore

Carnivore
Food source: Animals
Example: Eagle

Omnivore
Food source: Plants and 
animals
Example: Most bears

Detritivore
Food source: Detritus 
(decomposing organic material)
Example: Earthworm

Decomposer
Food source: Break down 
dead organisms and 
their waste material by 
extracellular digestion.
Example: Fungi

Schematic showing the movement of 
energy and minerals from producers 
to consumers

Mineral 
nutrient pool

Herbivores

Decomposers

Sun

Consumers
(heterotrophs)

Energy flow

Mineral nutrient 
movement

Carnivores

Heat Heat

Heat

Heat

Producers 
(autotrophs)

Minerals 
and energy

CCS

EM

Biology 2ed Sampler Feb 2016.indd   157 8/03/16   1:14 pm



KNOW 

182

© 2016 BIOZONE International
 ISBN: 978-1-927309-46-9
 Photocopying permitted for classroom trial

The Resilient Ecosystem
Key Idea: The resilience of a ecosystem depends on its biodiversity, health, and the frequency with 

which it is disturbed.

123

Factors affecting ecosystem resilience

Resilience is the ability of the ecosystem to recover after 
disturbance and is affected by three important factors: diversity, 
ecosystem health, and frequency of disturbance (below). Some 
ecosystems are naturally more resilient than others.

Ecosystem biodiversity
The greater the diversity of an ecosystem the greater the chance 
that all the roles (niches) in an ecosystem will be occupied, 
making it harder for invasive species to establish and easier for the 
ecosystem to recover after a disturbance.

Ecosystem health
Intact ecosystems are more likely to be resilient than ecosystems 
suffering from species loss or disease.

Disturbance frequency
Single disturbances to an ecosystem can be survived, but frequent 
disturbances make it more difficult for an ecosystem to recover. 
Some ecosystems depend on frequent natural disturbances for their 
maintenance, e.g. grasslands rely on natural fires to prevent shrubs 
and trees from establishing. The keystone grass species have 
evolved to survive frequent fires.  

A study of coral and algae cover at two locations in Australia's 
Great Barrier Reef (right) showed how ecosystems recover after a 
disturbance. At Low Isles, frequent disturbances (e.g. from cyclones) 
made it difficult for corals to reestablish, while at Middle Reef, 
infrequent disturbances made it possible to coral to reestablish its 
dominant position in the ecosystem.
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1. Define ecosystem resilience:  

2. Why did the coral at Middle Reef remain abundant from 1993 to 2005 while the coral at Low Isles did not?  

3. A monoculture (single species system) of cabbages is an unstable ecosystem. What is required for a cabbage 
monoculture to remain unchanged?

Stability 
The stability of an ecosystem can be illustrated by a ball in 
a tilted bowl. The system is resilient under a certain set of 
conditions. If the ball is given a slight push (the disturbance 
is small) it will eventually return to its original state (line A). 
However if the ball is pushed too hard (the disturbance is too 
large) then the ball will roll out of the bowl and the original 
state with never be restored (line B).

A

B
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Key Idea:  By working together (directly or indirectly) members of a group increase each other's 
chances of survival. The level of help given depends on the level of relatedness.

How Social Behavior Improves Survival139

Living in a group can improve the survival of the members, e.g. improving 
foraging success or decreasing the chances of predation. Animals such as 
meerkats, ground squirrels, and prairie dogs decrease the chances of predation 
by using sentries, which produce alarms calls when a predator approaches.

Gunnison's prairie dogs 

Gunnison's prairie dogs (right) live in large 
communities called towns in the grasslands 
of western North America. The towns are 
divided into territories which may have up to 
20 individuals in them. During their foraging, 
above-ground individuals may produce 
alarm calls if a predator approaches, at 
which nearby prairie dogs will take cover. 
However, whether or not an alarm call is 
given depends on the relatedness of the 
individuals receiving the call to the individual 
giving it. Gunnison's prairie dogs put 
themselves at risk when giving an alarm call 
by attracting the attention of the predator.
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1. Use an example to explain how living in a group improves survival:  

2. (a) The level of help between group members often depends on relatedness. Using the examples above, explain how 
relatedness to the helper affects the level of help given:

 (b) With respect to this, what is unexpected about the prairie dog data?  
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White fronted bee-eaters (left) live in family groups which include a breeding pair and non-
breeding pairs. All adults help provide for the chicks. Graph 1 shows the relationship between 
the number of adults in the nest and the number of chicks fledged. Graph 2 shows how 
relatedness affects the amount of help the pairs give the chicks.
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1. (a) Define the term mutation:  

 (b) How do mutations increase genetic variation?  

2. Identify the type of mutation that has occurred in the DNA sequences shown below:

  Normal DNA sequence: CCT GAT GCG AAG TTA TCA GTA CCA

  DNA sequence 1: CCT GAT GCG TTA TCA GTA CCA  

  DNA sequence 2: CCT GAT GCG AAG CCC TTA TCA GTA CCA  

  DNA sequence 3: CCT GAT GCG AAG TTA TGA GTA CCA  

The gene that codes 
for the peptide chain 
connexin 26 is on 
chromosome 13.

Six connexin 26 peptide chains join 
to form a connection between cells. If 
these proteins are not made correctly, 
they cannot form the final structure.

Connexin 26 
peptide chains

1
The code is read in 
3-base sequences 
called codons. One 
codon codes for one 
amino acid.

Leu Gly Gly Val Asn

Normal DNA sequence

Peptide chain formed (amino acid sequence)

28 42

A AT T TGGG G G GGG CC

2

The most common mutation in this gene is 
deletion of the 35th base (guanine (G)). Deleting 
the guanine changes the code and results in a 
short chain, which cannot function. 

Peptide chain formed

TGA codes for stopMutated sequence

A A AT T TG GG

G

G GGG CC

28 42

Leu Gly Val Stop

Mutation causes short 
peptide chain

3

The deletion creates a recessive allele. A person is 
deaf when they carry two recessive alleles.

4

 fMutations are changes to the DNA sequence and usually occur through errors in DNA copying. Changes to the 
DNA modifies existing genes and can create variation in the form of new alleles. Ultimately, mutations are the 
source of all new genetic variation.

 fThere are several types of mutation. Some change only one nucleotide base, while others change large parts of 
chromosomes. Bases may be inserted into, substituted, or deleted from the DNA. Most mutations are harmful (e.g. 
those that cause cancer) but very occasionally a mutation can be beneficial. 

 fAn example of a mutation producing a new allele is described below. This mutation causes the most common 
form of genetic hearing loss (called NSRD) in children. The mutation occurs in the gene coding for a protein called 
connexin 26.

Mutations
Key Idea: Changes to the DNA sequence are called mutations. Mutations are the ultimate source of 

new genetic variation (i.e. new alleles). 
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1. Describe a feature of vertebrate embryonic development that supports evolution from a common ancestor:

2. Explain how different specialized limb structures can arise from a basic pentadactyl structure:

Developmental Evidence for Evolution
Key Idea: Similarities in the development of embryos, including the genetic control of development, 

provides strong evidence for evolution.

179

Developmental biology

Developmental biology studies the process by 
which organisms grow and develop. In the past, 
it was restricted to the appearance (morphology) 
of a growing fetus. Today, developmental biology 
focuses on the genetic control of development and 
its role in producing the large differences we see in 
the adult appearance of different species.

During development, vertebrate embryos pass 
through the same stages, in the same sequence, 
regardless of the total time period of development. 
This similarity is strong evidence of their shared 
ancestry. The stage of embryonic development 
is identified using a standardized system based 
on the development of structures, not by size 
or the number of days of development. The 
Carnegie stages (right) cover the first 60 days of 
development. 

9 10 11 12 13 14 15 16

Carnegie stage of embryonic development

17 18 19 20 21 22 23

Rhesus monkey

Mouse

Chicken

Human
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Limb buds
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Digits form 

Stage 23 
Digits separate 
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Limb homology and the control of 
development
As we have seen, homology (e.g. in limb 
structure) is evidence of shared ancestry. 
How do these homologous structures 
become so different in appearance? The 
answer lies in the way the same genes are 
regulated during development.

All vertebrate limbs form as buds at the 
same stage of development. At first, the 
limbs resemble paddles, but apoptosis 
(programmed cell death) of the tissue 
between the developing bones separates the 
digits to form fingers and toes.

Like humans, mice have digits that become 
fully separated by interdigital apoptosis 
during development. In bat forelimbs, 
this controlled destruction of the tissue 
between the forelimb digits is inhibited. 
The developmental program is the result of 
different patterns of expression of the same 
genes in the two types of embryos.

I

II

III
IV

V

I
II

IIIIV

V

Bat wings are highly specialized structures with unique features, 
such as elongated wrist and fingers (I-V) and membranous 
wing surfaces. The forelimb structures of bats and mice are 
homologous, but how the limb looks and works is quite different.

Apoptosis suppressed 
by expression of an 
inhibitory growth factor

Increased 
expression of a bone 
growth regulator 
elongates digits.

PRACTICES

Biology 2ed Sampler Feb 2016.indd   263 8/03/16   1:14 pm



KNOW 

246

© 2016 BIOZONE International
 ISBN: 978-1-927309-46-9
 Photocopying permitted for classroom trial

Natural Selection
Key Idea: The effect of natural selection on a population can be verified by making quantitative 

measurements of phenotypic traits. 

184
Seal

 fThe finches on the Galápagos island 
(Darwin's finches) are famous in 
that they are commonly used as 
examples of how evolution produces 
new species. In this activity you will 
analyze data from the measurement 
of beaks depths of the medium 
ground finch (Geospiza fortis) on the 
island of Daphne Major near the 
center of the Galápagos Islands. 
The measurements were taken in 
1976 before a major drought hit the 
island and in 1978 after the drought 
(survivors and survivors' offspring).

 fNatural selection acts on the phenotypes of a population. 
Individuals with phenotypes that increase their fitness produce 
more offspring, increasing the proportion of the genes 
corresponding to that phenotype in the next generation. 

 fNumerous populations studies have shown natural selection can 
cause phenotypic changes in a population relatively quickly. 

Beak depth 
(mm)

No. 1976  
birds

No. 1978 
survivors 

7.30-7.79 1 0

7.80-8.29 12 1

8.30-8.79 30 3

8.80-9.29 47 3

9.30-9.79 45 6

9.80-10.29 40 9

10.30-10.79 25 10

10.80-11.29 3 1

11.30+ 0 0

Beak depth of 
offspring (mm)

Number 
of birds

7.30-7.79 2

7.80-8.29 2

8.30-8.79 5

8.80-9.29 21

9.30-9.79 34

9.80-10.29 37

10.30-10.79 19

10-80-11.29 15

11.30+ 2

1. Use the data above to draw two separate sets of histograms: 

 (a) On the left hand grid draw side-by-side histograms for the number of 1976 birds per beak depth and the number of 
1978 survivors per beak depth.

 
 (b) On the right hand grid draw a histogram of the beak depths of the offspring of the 1978 survivors.

2. (a) Mark on the graphs of the 1976 beak depths and the 1978 offspring the approximate mean beak depth.

 (b) How much has the average moved from 1976 to 1978?  

 (c) Is beak depth heritable? What does this mean for the process of natural selection in the finches?  
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