Santa Rosa Junior College BIO10 Intro to Principles of Biology Winter 2022
Final Exam Study Guide for Lecture Exam will take place in class on Monday May 23rd
Exam will cover the following material from lectures
2/39 of the exam will cover new material since the second midterm (below here).

Evolution Part 1
All material in the following lecture slides as well as material from the textbook sections listed below:
BIO10-lecture-evolution-uploaded.pptx

11.1 — You will be well prepared for the exam if you can...
e Explain how Darwin’s theory of evolution differed from the current view at the time
¢ Describe how the present-day theory of evolution was developed
¢ Describe how population genetics is used to study the evolution of populations

11.2 — You will be well prepared for the exam if you can...
¢ Describe the four basic causes of evolution: natural selection, mutation, genetic drift, and gene flow
¢ Explain how each evolutionary force can influence the allele frequencies of a population

11.3 — You will be well prepared for the exam if you can...
e Explain sources of evidence for evolution
¢ Define homologous and vestigial structures

11.4 — You will be well prepared for the exam if you can...
¢ Describe the definition of species and how species are identified as different
o Explain allopatric and sympatric speciation
¢ Describe adaptive radiation

11.5 — You will be well prepared for the exam if you can...
¢ |dentify common misconceptions about evolution
e |dentify common criticisms of evolution

11.1 Discovering How Populations Change

¢ Evolution by natural selection arises from three conditions: individuals within a species vary, some of
those variations are heritable, and organisms have more offspring than resources can support. The
consequence is that individuals with relatively advantageous variations will be more likely to survive
and have higher reproductive rates than those individuals with different traits. The advantageous
traits will be passed on to offspring in greater proportion. Thus, the trait will have higher
representation in the next and subsequent generations leading to genetic change in the population.

e The modern synthesis of evolutionary theory grew out of the reconciliation of Darwin’s, Wallace’s, and
Mendel’s thoughts on evolution and heredity. Population genetics is a theoretical framework for
describing evolutionary change in populations through the change in allele frequencies. Population
genetics defines evolution as a change in allele frequency over generations. In all populations,
mutation, natural selection, genetic drift, and migration act to change allele frequencies.



11.2 Mechanisms of Evolution
e There are four factors that can change the allele frequencies of a population. Natural selection works
by selecting for alleles that confer beneficial traits or behaviors, while selecting against those for
deleterious qualities. Mutations introduce new alleles into a population. Genetic drift stems from the
chance occurrence that some individuals have more offspring than others and results in changes in
allele frequencies that are random in direction. When individuals leave or join the population, allele
frequencies can change as a result of gene flow.

11.3 Evidence of Evolution

¢ The evidence for evolution is found at all levels of organization in living things and in the extinct species
we know about through fossils. Fossils provide evidence for the evolutionary change through now
extinct forms that led to modern species. For example, there is a rich fossil record that shows the
evolutionary transitions from horse ancestors to modern horses that document intermediate forms
and a gradual adaptation o changing ecosystems. The anatomy of species and the embryological
development of that anatomy reveal common structures in divergent lineages that have been
modified over time by evolution. The geographical distribution of living species reflects the origins of
species in particular geographic locations and the history of continental movements. The structures of
molecules, like anatomical structures, reflect the relationships of living species and match patterns of
similarity expected from descent with modification.

11.4 Speciation

¢ Speciation occurs along two main pathways: geographic separation (allopatric speciation) and through
mechanisms that occur within a shared habitat (sympatric speciation). Both pathways force
reproductive isolation between populations. Sympatric speciation can occur through errors in meiosis
that form gametes with extra chromosomes, called polyploidy. Autopolyploidy occurs within a single
species, whereas allopolyploidy occurs because of a mating between closely related species. Once
the populations are isolated, evolutionary divergence can take place leading to the evolution of
reproductive isolating traits that prevent interbreeding should the two populations come together
again. The reduced viability of hybrid offspring after a period of isolation is expected to select for
stronger inherent isolating mechanisms.

Sample Questions: Most of the exam will be multiple choice, but being able to answer questions like these
will be helpful in preparing for the test in any format.
o If a person scatters a handful of plant seeds from one species in an area, how would natural selection
work in this situation?
¢ Why do scientists consider vestigial structures evidence for evolution?
¢ Why do island chains provide ideal conditions for adaptive radiation to occur?
e Why is the statement that a monkey is more evolved than a mouse is incorrect?

Evolution Part 2
All material in the following lecture slides as well as material from the textbook sections listed below:
BIO10-lecture-evolution-part2-uploaded.pptx

12.1 — You will be well prepared for the exam if you can...
¢ Discuss the need for a comprehensive classification system
o List the different levels of the taxonomic classification system
¢ Describe how systematics and taxonomy relate to phylogeny



12.2 — You will be well prepared for the exam if you can...
e Compare homologous and analogous traits
¢ Discuss the purpose of cladistics

12.1 Organizing Life on Earth
¢ Scientists continually obtain new information that helps to understand the evolutionary history of life on

Earth. Each group of organisms went through its own evolutionary journey, called its phylogeny. Each
organism shares relatedness with others, and based on morphologic and genetic evidence scientists
attempt to map the evolutionary pathways of all life on Earth. Historically, organisms were organized
into a taxonomic classification system. However, today many scientists build phylogenetic trees to
illustrate evolutionary relationships and the taxonomic classification system is expected to reflect
evolutionary relationships.

12.2 Determining Evolutionary Relationships

To build phylogenetic trees, scientists must collect character information that allows them to make
evolutionary connections between organisms. Using morphologic and molecular data, scientists work
to identify homologous characteristics and genes. Similarities between organisms can stem either
from shared evolutionary history (homologies) or from separate evolutionary paths (analogies). After
homologous information is identified, scientists use cladistics to organize these events as a means to
determine an evolutionary timeline. Scientists apply the concept of maximum parsimony, which states
that the likeliest order of events is probably the simplest shortest path. For evolutionary events, this
would be the path with the least number of major divergences that correlate with the evidence.

Sample Questions: Most of the exam will be multiple choice, but being able to answer questions like these
will be helpful in preparing for the test in any format.

What are the different levels of the taxonomic classification system?

Dolphins and fish have similar body shapes. Is this feature more likely a homologous or analogous
trait?

What is the difference between micro- and macroevolution?

What is a phylogeny a description of?

Protists & Fungi

All material in the following lecture slides as well as material from the textbook sections listed below:

13.3 -

BIO10_lecture_protists-uploaded.pptx
BIO10_lecture_fungi-uploaded.pptx

You will be well prepared for the exam if you can...

¢ Describe the main characteristics of protists
¢ Describe important pathogenic species of protists
¢ Describe the roles of protists as food sources and as decomposers

13.4 — You will be well prepared for the exam if you can...

List the characteristics of fungi

Describe fungal parasites and pathogens of plants and infections in humans

Describe the importance of fungi to the environment

Summarize the beneficial role of fungi in food and beverage preparation and in the chemical and
pharmaceutical industry



13.3 Protists

¢ Protists are extremely diverse in terms of biological and ecological characteristics due in large part to
the fact that they are an artificial assemblage of phylogenetically unrelated groups. Protists display
highly varied cell structures, several types of reproductive strategies, virtually every possible type of
nutrition, and varied habitats. Most single-celled protists are motile, but these organisms use diverse
structures for transportation.

e The process of classifying protists into meaningful groups is ongoing, but genetic data in the past 20
years have clarified many relationships that were previously unclear or mistaken. The majority view at
present is to order all eukaryotes into six supergroups. The goal of this classification scheme is to
create clusters of species that all are derived from a common ancestor.

13.4 Fungi
e Fungi are eukaryotic organisms that appeared on land over 450 million years ago. They are

heterotrophs and contain neither photosynthetic pigments such as chlorophylls nor organelles such
as chloroplasts. Because they feed on decaying and dead matter, they are saprobes. Fungi are
important decomposers and release essential elements into the environment. External enzymes
digest nutrients that are absorbed by the body of the fungus called a thallus. A thick cell wall made of
chitin surrounds the cell. Fungi can be unicellular as yeasts or develop a network of filaments called a
mycelium, often described as mold. Most species multiply by asexual and sexual reproductive cycles,
and display an alternation of generations.

The divisions of fungi are the Chytridiomycota, Zygomycota, Ascomycota, Basidiomycota,
Glomeromycota, and the Deuteromycota, a polyphyletic group.

Fungi establish parasitic relationships with plants and animals. Fungal diseases can decimate crops
and spoil food during storage. Compounds produced by fungi can be toxic to humans and other
animals. Mycoses are infections caused by fungi. Superficial mycoses affect the skin, whereas
systemic mycoses spread through the body. Fungal infections are difficult to cure.

Fungi have colonized all environments on Earth but are most often found in cool, dark, moist places
with a supply of decaying material. Fungi are important decomposers because they are saprobes.
Many successful mutualistic relationships involve a fungus and another organism. They establish
complex mycorrhizal associations with the roots of plants. Lichens are a symbiotic relationship
between a fungus and a photosynthetic organism, usually an alga or cyanobacterium.

Fungi are important to everyday human life. Fungi are important decomposers in most ecosystems.
Mycorrhizal fungi are essential for the growth of most plants. Fungi, as food, play a role in human
nutrition in the form of mushrooms and as agents of fermentation in the production of bread, cheeses,
alcoholic beverages, and numerous other food preparations. Secondary metabolites of fungi are used
in medicine as antibiotics and anticoagulants. Fungi are used in research as model organisms for the
study of eukaryotic genetics and metabolism.

Sample Questions: Most of the exam will be multiple choice, but being able to answer questions like these
will be helpful in preparing for the test in any format.

e What are protists with the capabilities to absorb nutrients from dead organisms are called?

¢ What term describes the close association of a fungus with the root of a tree?

e Which polysaccharide is usually found in the cell walls of fungi?



Plants
All material in the following lecture slides as well as material from the textbook sections listed below:
BIO10_lecture_plants-uploaded.pptx

14.1 - You will be well prepared for the exam if you can...
¢ Describe the major characteristics of the plant kingdom
¢ Discuss the challenges to plant life on land
¢ Describe the adaptations that allowed plants to colonize land

14.2 — You will be well prepared for the exam if you can...
¢ Describe the distinguishing traits of the three types of bryophytes
¢ |dentify the new traits that first appear in seedless vascular plants
¢ Describe the major classes of seedless vascular plants

14.3 — You will be well prepared for the exam if you can...
¢ Discuss the type of seeds produced by gymnosperms, as well as other characteristics of gymnosperms
e List the four groups of modern-day gymnosperms and provide examples of each

14.4 — You will be well prepared for the exam if you can...
¢ Describe the main parts of a flower and their purpose
¢ Detail the life cycle of an angiosperm
¢ Discuss the two main groups into which flower plants are divided, as well as explain how basal
angiosperms differ from others

14.1 The Plant Kingdom

¢ Land plants evolved traits that made it possible to colonize land and survive out of water. Adaptations
to life on land include vascular tissues, roots, leaves, waxy cuticles, and a tough outer layer that
protects the spores. Land plants include nonvascular plants and vascular plants. Vascular plants,
which include seedless plants and plants with seeds, have apical meristems, and embryos with
nutritional stores. All land plants share the following characteristics: alternation of generations, with
the haploid plant called a gametophyte and the diploid plant called a sporophyte; formation of haploid
spores in a sporangium; and formation of gametes in a gametangium.

14.2 Seedless Plants

e Seedless nonvascular plants are small. The dominant stage of the life cycle is the gametophyte.
Without a vascular system and roots, they absorb water and nutrients through all of their exposed
surfaces. There are three main groups: the liverworts, the hornworts, and the mosses. They are
collectively known as bryophytes.

e Vascular systems consist of xylem tissue, which transports water and minerals, and phloem tissue,
which transports sugars and proteins. With the vascular system, there appeared leaves—large
photosynthetic organs—and roots to absorb water from the ground. The seedless vascular plants
include club mosses, which are the most primitive; whisk ferns, which lost leaves and roots by
reductive evolution; horsetails, and ferns.

14.3 Seed Plants: Gymnosperms

¢ Gymnosperms are heterosporous seed plants that produce naked seeds. They appeared in the
Carboniferous period (359-299 million years ago) and were the dominant plant life during the
Mesozoic era (251-65.5 million years ago). Modern-day gymnosperms belong to four divisions. The
division Coniferophyta—the conifers—are the predominant woody plants at high altitudes and
latitudes. Cycads resemble palm trees and grow in tropical climates. Gingko biloba is the only species
of the division Gingkophyta. The last division, the Gnetophytes, is a diverse group of species that
produce vessel elements in their wood.



14.4 Seed Plants: Angiosperms
¢ Angiosperms are the dominant form of plant life in most terrestrial ecosystems, comprising about 90

percent of all plant species. Most crop and ornamental plants are angiosperms. Their success results,
in part, from two innovative structures: the flower and the fruit. Flowers are derived evolutionarily from

modified leaves. The main parts of a flower are the sepals and petals, which protect the reproductive

parts: the stamens and the carpels. The stamens produce the male gametes, which are pollen grains.

The carpels contain the female gametes, which are the eggs inside ovaries. The walls of the ovary
thicken after fertilization, ripening into fruit that can facilitate seed dispersal.

e Angiosperms’ life cycles are dominated by the sporophyte stage. Double fertilization is an event
unique to angiosperms. The flowering plants are divided into two main groups—the monocots and
eudicots—according to the number of cotyledons in the seedlings. Basal angiosperms belong to a
lineage older than monocots and eudicots.

Sample Questions: Most of the exam will be multiple choice, but being able to answer questions like these
will be helpful in preparing for the test in any format.

o What traits characterizes gymnosperms?

e What adaptation do seed plants have in addition to the seed that is not found in seedless plants?

e Corn develops from a seedling with a single cotyledon, displays parallel veins on its leaves, and

produces monosulcate pollen — what types of plant is it?

o What adaptations do plants have that allow them to survive on land?

¢ How did the development of a vascular system contribute to the increase in size of plants?

¢ What are the three classes of bryophytes?

Animals
All material in the following lecture slides as well as material from the textbook sections listed below:
BIO10_lecture_animals-uploaded.pptx

15.1 — You will be well prepared for the exam if you can...
o List the features that distinguish the animal kingdom from other kingdoms
¢ Explain the processes of animal reproduction and embryonic development
¢ Describe the hierarchy of basic animal classification
e Compare and contrast the embryonic development of protostomes and deuterostomes

15.2 — You will be well prepared for the exam if you can...
¢ Describe the organizational features of the simplest animals
¢ Describe the organizational features of cnidarians

15.3 — You will be well prepared for the exam if you can...
¢ Describe the structure and systems of flatworms
¢ Describe the structural organization of nematodes
o Compare the internal systems and the appendage specialization of arthropods

15.4 — You will be well prepared for the exam if you can...
¢ Describe the unique anatomical features of mollusks
¢ Describe the features of an animal classified in phylum Annelida

15.5 — You will be well prepared for the exam if you can...
¢ Describe the distinguishing characteristics of echinoderms
¢ Describe the distinguishing characteristics of chordates



15.6 — You will be well prepared for the exam if you can...

Describe the difference between jawless and jawed fishes

Explain the main characteristics of amphibians, reptiles, and birds

Describe the derived characteristics in birds that facilitate flight

Name and describe the distinguishing features of the three main groups of mammals
Describe the derived features that distinguish primates from other animals

15.1 Features of the Animal Kingdom
¢ Animals constitute a diverse kingdom of organisms. Although animals range in complexity from simple
sea sponges to human beings, most members share certain features. Animals are eukaryotic,
multicellular, heterotrophic organisms that ingest their food and usually develop into motile creatures
with a fixed body plan. Most members of the animal kingdom have differentiated tissues of four main
classes—nervous, muscular, connective, and epithelial —that are specialized to perform different
functions. Most animals reproduce sexually, leading to a developmental sequence that is relatively
similar across the animal kingdom.
¢ Organisms in the animal kingdom are classified based on their body morphology and development.
True animals are divided into those with radial versus bilateral symmetry. Animals with three germ
layers, called triploblasts, are further characterized by the presence or absence of an internal body
cavity called a coelom. Animals with a body cavity may be either coelomates or pseudocoelomates,
depending on which tissue gives rise to the coelom. Coelomates are further divided into two groups
called protostomes and deuterostomes, based on a number of developmental characteristics.
15.2 Sponges and Cnidarians
¢ Animals included in phylum Porifera are parazoans and do not possess true tissues. These organisms
show a simple organization. Sponges have multiple cell types that are geared toward executing
various metabolic functions.
¢ Cnidarians have outer and inner tissue layers sandwiching a noncellular mesoglea. Cnidarians possess
a well-formed digestive system and carry out extracellular digestion. The cnidocyte is a specialized
cell for delivering toxins to prey and predators. Cnidarians have separate sexes. They have a life
cycle that involves morphologically distinct forms —medusoid and polypoid —at various stages in their
life cycle.
15.3 Flatworms, Nematodes, and Arthropods
o Flatworms are acoelomate, triploblastic animals. They lack circulatory and respiratory systems, and
have a rudimentary excretory system. The digestive system is incomplete in most species. There are
four traditional classes of flatworms, the largely free-living turbellarians, the ectoparasitic
monogeneans, and the endoparasitic trematodes and cestodes. Trematodes have complex life cycles
involving a secondary mollusk host and a primary host in which sexual reproduction takes place.
Cestodes, or tapeworms, infect the digestive systems of primary vertebrate hosts.
¢ Nematodes are pseudocoelomate members of the clade Ecdysozoa. They have a complete digestive
system and a pseudocoelomic body cavity. This phylum includes free-living as well as parasitic
organisms. They include dioecious and hermaphroditic species. Nematodes have a poorly developed
excretory system. Embryonic development is external and proceeds through larval stages separated
by molts.
¢ Arthropods represent the most successful phylum of animals on Earth, in terms of number of species
as well as the number of individuals. They are characterized by a segmented body and jointed
appendages. In the basic body plan, a pair of appendages is present per body segment. Within the
phylum, classification is based on mouthparts, number of appendages, and modifications of
appendages. Arthropods bear a chitinous exoskeleton. Gills, tracheae, and book lungs facilitate
respiration. Embryonic development may include multiple larval stages.



15.4 Mollusks and Annelids

e The phylum Mollusca is a large, mainly marine group of invertebrates. Mollusks show a variety of
morphologies. Many mollusks secrete a calcareous shell for protection, but in other species, the shell
is reduced or absent. Mollusks are protostomes. The dorsal epidermis in mollusks is modified to form
the mantle, which encloses the mantle cavity and visceral organs. This cavity is distinct from the
coelomic cavity, which the adult animal retains, surrounding the heart. Respiration is facilitated by
gills known as ctenidia. A chitinous scraper called the radula is present in most mollusks. Mollusks
are mostly dioecious and are divided into seven classes.

e The phylum Annelida includes worm-like, segmented animals. Segmentation is both external and
internal, which is called metamerism. Annelids are protostomes. The presence of chitinous hairs
called chaetae is characteristic of most members. These animals have well-developed nervous and
digestive systems. Polychaete annelids have parapodia that participate in locomotion and respiration.
Suckers are seen in the order Hirudinea. Breeding systems include separate sexes and
hermaphroditism.

15.5 Echinoderms and Chordates

e Echinoderms are deuterostome marine organisms. This phylum of animals bear a calcareous
endoskeleton composed of ossicles covered by a spiny skin. Echinoderms possess a water-based
circulatory system. The madreporite is the point of entry and exit for water for the water vascular
system.

e The characteristic features of Chordata are a notochord, a dorsal hollow nerve cord, pharyngeal slits,
and a post-anal tail. Chordata contains two clades of invertebrates: Urochordata (tunicates) and
Cephalochordata (lancelets), together with the vertebrates. Most tunicates live on the ocean floor and
are suspension feeders. Lancelets are suspension feeders that feed on phytoplankton and other
microorganisms.

15.6 Vertebrates

o The earliest vertebrates that diverged from the invertebrate chordates were the jawless fishes.
Hagfishes are eel-like scavengers that feed on dead invertebrates and other fishes. Lampreys are
characterized by a toothed, funnel-like sucking mouth, and some species are parasitic on other
fishes. Gnathostomes include the jawed fishes (cartilaginous and bony fishes) as well as all other
tetrapods. Cartilaginous fishes include sharks, rays, skates, and ghost sharks. Bony fishes can be
further divided into ray-finned and lobe-finned fishes.

¢ As tetrapods, most amphibians are characterized by four well-developed limbs, although some species
of salamanders and all caecilians are limbless. Amphibians have a moist, permeable skin used for
cutaneous respiration. Amphibia can be divided into three clades: salamanders (Urodela), frogs
(Anura), and caecilians (Apoda). The life cycle of amphibians consists of two distinct stages: the
larval stage and metamorphosis to an adult stage.

e The amniotes are distinguished from amphibians by the presence of a terrestrially adapted egg
protected by amniotic membranes. The amniotes include reptiles, birds, and mammals. A key
adaptation that permitted reptiles to live on land was the development of scaly skin. Reptilia includes
four living clades: Crocodilia (crocodiles and alligators), Sphenodontia (tuataras), Squamata (lizards
and snakes), and Testudines (turtles).

¢ Birds are endothermic amniotes. Feathers act as insulation and allow for flight. Birds have pneumatic
bones that are hollow rather than tissue-filled. Airflow through bird lungs travels in one direction. Birds
evolved from dinosaurs.

e Mammals have hair and mammary glands. Mammalian skin includes various secretory glands.
Mammals are endothermic, like birds. There are three groups of mammals living today: monotremes,
marsupials, and eutherians. Monotremes are unique among mammals as they lay eggs, rather than
giving birth to live young. Eutherian mammals have a complex placenta.

e There are 16 extant (living) orders of eutherian mammals. Humans are most closely related to
Primates, all of which have adaptations for climbing trees, although not all species are arboreal. Other



characteristics of primates are brains that are larger than those of other mammals, claws that have
been modified into flattened nails, and typically one young per pregnancy, stereoscopic vision, and a
trend toward holding the body upright. Primates are divided into two groups: prosimians and
anthropoids.

Sample Questions: Most of the exam will be multiple choice, but being able to answer questions like these
will be helpful in preparing for the test in any format.

o Whatis the large central opening in the poriferan body is called?

e Which group of flatworms are primarily external parasites of fish?

e How do members of Chondrichthyes differ from members of Osteichthyes?

What is the circulatory fluid in echinoderms called?
¢ During embryonic development, what features do humans share with tunicates or lancelets?
e What are the structural differences between Porifera and Cnidaria?

Animal Physiology
All material in the following lecture slides as well as material from the textbook sections listed below:
BIO10_lecture_animal_physiology-uploaded.pptx

16.1 — You will be well prepared for the exam if you can...
¢ Explain the concept of homeostasis
¢ Describe thermoregulation of endothermic and ectothermic animals
o Explain how the kidneys serve as the main osmoregulatory organs in the human body

16.2 — You will be well prepared for the exam if you can...
e Explain the processes of digestion and absorption
¢ Explain the specialized functions of the organs involved in processing food in the body
¢ Describe the ways in which organs work together to digest food and absorb nutrients
¢ Describe the essential nutrients required for cellular function that cannot be synthesized by the animal
body
o Describe how excess carbohydrates and energy are stored in the body

16.3 — You will be well prepared for the exam if you can...
¢ Describe the passage of air from the outside environment to the lungs
¢ Describe the function of the circulatory system
¢ Describe the cardiac cycle
¢ Explain how blood flows through the body

16.1 Homeostasis and Osmoregulation

e Homeostasis is a dynamic equilibrium that is maintained in body tissues and organs. It is dynamic
because it is constantly adjusting to the changes that the systems encounter. It is an equilibrium
because body functions are kept within a normal range, with some fluctuations around a set point.
The kidneys are the main osmoregulatory organs in mammalian systems; they function to filter blood
and maintain the dissolved ion concentrations of body fluids. They are made up internally of three
distinct regions—the cortex, medulla, and pelvis. The blood vessels that transport blood into and out
of the kidneys arise from and merge with the aorta and inferior vena cava, respectively. The nephron
is the functional unit of the kidney, which actively filters blood and generates urine. The urine leaves
the kidney through the ureter and is stored in the urinary bladder. Urine is voided from the body
through the urethra.



16.2 Digestive System

e There are many organs that work together to digest food and absorb nutrients. The mouth is the point
of ingestion and the location where both mechanical and chemical breakdown of food begins. Saliva
contains an enzyme called amylase that breaks down carbohydrates. The food bolus travels through
the esophagus by peristaltic movements to the stomach. The stomach has an extremely acidic
environment. The enzyme pepsin digests protein in the stomach. Further digestion and absorption
take place in the small intestine. The large intestine reabsorbs water from the undigested food and
stores waste until elimination.

e Carbohydrates, proteins, and fats are the primary components of food. Some essential nutrients are
required for cellular function but cannot be produced by the animal body. These include vitamins,
minerals, some fatty acids, and some amino acids. Food intake in more than necessary amounts is
stored as glycogen in the liver and muscle cells, and in adipose tissue. Excess adipose storage can
lead to obesity and serious health problems.

16.3 Circulatory and Respiratory Systems

¢ Animal respiratory systems are designed to facilitate gas exchange. In mammals, air is warmed and
humidified in the nasal cavity. Air then travels down the pharynx and larynx, through the trachea, and
into the lungs. In the lungs, air passes through the branching bronchi, reaching the respiratory
bronchioles. The respiratory bronchioles open up into the alveolar ducts, alveolar sacs, and alveoli.
Because there are so many alveoli and alveolar sacs in the lung, the surface area for gas exchange
is very large.

e The mammalian circulatory system is a closed system with double circulation passing through the
lungs and the body. It consists of a network of vessels containing blood that circulates because of
pressure differences generated by the heart.

e The heart contains two pumps that move blood through the pulmonary and systemic circulations. There
is one atrium and one ventricle on the right side and one atrium and one ventricle on the left side. The
pumping of the heart is a function of cardiomyocytes, distinctive muscle cells that are striated like
skeletal muscle but pump rhythmically and involuntarily like smooth muscle. The signal for contraction
begins in the wall of the right atrium. The electrochemical signal causes the two atria to contract in
unison; then the signal causes the ventricles to contract. The blood from the heart is carried through
the body by a complex network of blood vessels; arteries take blood away from the heart, and veins
bring blood back to the heart.

Sample Questions: Most of the exam will be multiple choice, but being able to answer questions like these
will be helpful in preparing for the test in any format.

How are wastes carried to the kidney for removal?

How do arteries differ from veins?

Describe how the body’s mechanisms maintain homeostasis?

How does the structure of alveoli maximize gas exchange?

Small Scale Ecology
All material in the following lecture slides as well as material from the textbook sections listed below:
BIO10_lecture_small_scale_ecology-uploaded.pptx

19.2 — You will be well prepared for the exam if you can...
¢ Explain the characteristics of and differences between exponential and logistic growth patterns
¢ Give examples of exponential and logistic growth in natural populations
¢ Give examples of how the carrying capacity of a habitat may change
e Compare and contrast density-dependent growth regulation and density-independent growth regulation
giving examples



19.4 — You will be well prepared for the exam if you can...
o Discuss the predator-prey cycle
¢ Give examples of defenses against predation and herbivory
¢ Describe the competitive exclusion principle
¢ Give examples of symbiotic relationships between species
o Describe community structure and succession

19.2 Population Growth and Regulation
¢ Populations with unlimited resources grow exponentially—with an accelerating growth rate. When
resources become limiting, populations follow a logistic growth curve in which population size will
level off at the carrying capacity.
¢ Populations are regulated by a variety of density-dependent and density-independent factors. Life-
history characteristics, such as age at first reproduction or numbers of offspring, are characteristics
that evolve in populations just as anatomy or behavior can evolve over time. The model of r- and K-
selection suggests that characters, and possibly suites of characters, may evolve adaptations to
population stability near the carrying capacity (K-selection) or rapid population growth and collapse (r-
selection). Species will exhibit adaptations somewhere on a continuum between these two extremes.
19.4 Community Ecology
o Communities include all the different species living in a given area. The variety of these species is
referred to as biodiversity. Many organisms have developed defenses against predation and
herbivory, including mechanical defenses, warning coloration, and mimicry. Two species cannot exist
indefinitely in the same habitat competing directly for the same resources. Species may form
symbiotic relationships such as commensalism, mutualism, or parasitism. Community structure is
described by its foundation and keystone species. Communities respond to environmental
disturbances by succession: the predictable appearance of different types of plant species, until a
stable community structure is established.

Sample Questions: Most of the exam will be multiple choice, but being able to answer questions like these
will be helpful in preparing for the test in any format.

e What type of growth curve to species with limited resources usually exhibit?

e What do you call the first species to live on new land, such as that formed from volcanic lava?

¢ Give an example of how density-dependent and density-independent factors might interact.

¢ Describe the competitive exclusion principle and its effects on competing species.

Large Scale Ecology
All material in the following lecture slides as well as material from the textbook sections listed below:
BIO10_lecture_large_scale_ecology-uploaded.pptx

20.1 — You will be well prepared for the exam if you can...

Describe the basic types of ecosystems on Earth

Differentiate between food chains and food webs and recognize the importance of each
Describe how organisms acquire energy in a food web and in associated food chains
Explain how the efficiency of energy transfers between trophic levels effects ecosystem



20.2 — You will be well prepared for the exam if you can...
¢ Discuss the biogeochemical cycles of water, carbon, nitrogen, phosphorus, and sulfur
¢ Explain how human activities have impacted these cycles and the resulting potential consequences for

Earth

20.1 Energy Flow through Ecosystems
¢ Ecosystems exist underground, on land, at sea, and in the air. Organisms in an ecosystem acquire

energy in a variety of ways, which is transferred between trophic levels as the energy flows from the
base to the top of the food web, with energy being lost at each transfer. There is energy lost at each
trophic level, so the lengths of food chains are limited because there is a point where not enough
energy remains to support a population of consumers. Fat soluble compounds biomagnify up a food
chain causing damage to top consumers. even when environmental concentrations of a toxin are low.

20.2 Biogeochemical Cycles
¢ Mineral nutrients are cycled through ecosystems and their environment. Of particular importance are

water, carbon, nitrogen, phosphorus, and sulfur. All of these cycles have major impacts on ecosystem
structure and function. As human activities have caused major disturbances to these cycles, their
study and modeling is especially important. Ecosystems have been damaged by a variety of human
activities that alter the natural biogeochemical cycles due to pollution, oil spills, and events causing
global climate change. The health of the biosphere depends on understanding these cycles and how
to protect the environment from irreversible damage.

Sample Questions: Most of the exam will be multiple choice, but being able to answer questions like these
will be helpful in preparing for the test in any format.
¢ Which term describes the process whereby toxic substances increase along trophic levels of an

ecosystem?

e Why is the tundra treeless?

¢ Where would you expect to find the most photosynthesis in an ocean biome?

¢ Describe the conditions and challenges facing organisms living in the intertidal zone.

e Compare grazing and detrital food webs. Why would they both be present in the same ecosystem?

1/3 of the exam will cover material up to and including the second midterm (below here).

Intro & Scientific Method

All material in the following lecture slides as well as material from the textbook sections listed below:

BIO10_lecture_intro_to_bio_and_sci-method-uploaded.pptx

1.1 — You will be well prepared for the exam if you can...

Identify and describe the properties of life
Describe the levels of organization among living things
List examples of different sub disciplines in biology

1.2 — You will be well prepared for the exam if you can...
o |dentify the shared characteristics of the natural sciences
¢ Understand the process of scientific inquiry
o Compare inductive reasoning with deductive reasoning
¢ Describe the goals of basic science and applied science



1.1 Themes and Concepts of Biology

¢ Biology is the science of life. All living organisms share several key properties such as order, sensitivity
or response to stimuli, reproduction, adaptation, growth and development, regulation, homeostasis,
and energy processing. Living things are highly organized following a hierarchy that includes atoms,
molecules, organelles, cells, tissues, organs, and organ systems. Organisms, in turn, are grouped as
populations, communities, ecosystems, and the biosphere. Evolution is the source of the tremendous
biological diversity on Earth today. A diagram called a phylogenetic tree can be used to show
evolutionary relationships among organisms. Biology is very broad and includes many branches and
sub disciplines. Examples include molecular biology, microbiology, neurobiology, zoology, and
botany, among others.

1.2 The Process of Science

¢ Biology is the science that studies living organisms and their interactions with one another and their
environments. Science attempts to describe and understand the nature of the universe in whole or in
part. Science has many fields; those fields related to the physical world and its phenomena are
considered natural sciences.

¢ A hypothesis is a tentative explanation for an observation. A scientific theory is a well-tested and
consistently verified explanation for a set of observations or phenomena. A scientific law is a
description, often in the form of a mathematical formula, of the behavior of an aspect of nature under
certain circumstances. Two types of logical reasoning are used in science. Inductive reasoning uses
results to produce general scientific principles. Deductive reasoning is a form of logical thinking that
predicts results by applying general principles. The common thread throughout scientific research is
the use of the scientific method. Scientists present their results in peer-reviewed scientific papers
published in scientific journals.

e Science can be basic or applied. The main goal of basic science is to expand knowledge without any
expectation of short- term practical application of that knowledge. The primary goal of applied
research, however, is to solve practical problems.

Sample Questions: Most of the exam will be multiple choice, but being able to answer questions like these
will be helpful in preparing for the test in any format.
¢ How can biology can be studied from a microscopic approach or from a global approach?
e What is the type of logical thinking that uses related observations to arrive at a general conclusion
called?

Chemistry & Water
All material in the following lecture slides as well as material from the textbook sections listed below:
BIO10_lecture_chemistry_and_water_uploaded_updated.pptx

2.1 — You will be well prepared for the exam if you can...
o Describe matter and elements
¢ Describe the interrelationship between protons, neutrons, and electrons, and the ways in which
electrons can be donated or shared between atoms

2.2 — You will be well prepared for the exam if you can...
e Describe the properties of water that are critical to maintaining life

2.3 — You will be well prepared for the exam if you can...
¢ Describe the ways in which carbon is critical to life
¢ Explain the impact of slight changes in amino acids on organisms
¢ Describe the four major types of biological molecules
¢ Understand the functions of the four major types of molecules



2.1 The Building Blocks of Molecules

o Matter is anything that occupies space and has mass. It is made up of atoms of different elements. All
of the 92 elements that occur naturally have unique qualities that allow them to combine in various
ways to create compounds or molecules. Atoms, which consist of protons, neutrons, and electrons,
are the smallest units of an element that retain all of the properties of that element. Electrons can be
donated or shared between atoms to create bonds, including ionic, covalent, and hydrogen bonds, as
well as van der Waals interactions.

2.2 Water

e Water has many properties that are critical to maintaining life. It is polar, allowing for the formation of
hydrogen bonds, which allow ions and other polar molecules to dissolve in water. Therefore, water is
an excellent solvent. The hydrogen bonds between water molecules give water the ability to hold heat
better than many other substances. As the temperature rises, the hydrogen bonds between water
continually break and reform, allowing for the overall temperature to remain stable, although
increased energy is added to the system. Water’s cohesive forces allow for the property of surface
tension. All of these unique properties of water are important in the chemistry of living organisms.

e The pH of a solution is a measure of the concentration of hydrogen ions in the solution. A solution with
a high number of hydrogen ions is acidic and has a low pH value. A solution with a high number of
hydroxide ions is basic and has a high pH value. The pH scale ranges from 0 to 14, with a pH of 7
being neutral. Buffers are solutions that moderate pH changes when an acid or base is added to the
buffer system. Buffers are important in biological systems because of their ability to maintain constant
pH conditions.

2.3 Biological Molecules

¢ Living things are carbon-based because carbon plays such a prominent role in the chemistry of living
things. The four covalent bonding positions of the carbon atom can give rise to a wide diversity of
compounds with many functions, accounting for the importance of carbon in living things.
Carbohydrates are a group of macromolecules that are a vital energy source for the cell, provide
structural support to many organisms, and can be found on the surface of the cell as receptors or for
cell recognition. Carbohydrates are classified as monosaccharides, disaccharides, and
polysaccharides, depending on the number of monomers in the molecule.

¢ Lipids are a class of macromolecules that are nonpolar and hydrophobic in nature. Major types include
fats and oils, waxes, phospholipids, and steroids. Fats and oils are a stored form of energy and can
include triglycerides. Fats and oils are usually made up of fatty acids and glycerol.

¢ Proteins are a class of macromolecules that can perform a diverse range of functions for the cell.
They help in metabolism by providing structural support and by acting as enzymes, carriers or as
hormones. The building blocks of proteins are amino acids. Proteins are organized at four levels:
primary, secondary, tertiary, and quaternary. Protein shape and function are intricately linked; any
change in shape caused by changes in temperature, pH, or chemical exposure may lead to protein
denaturation and a loss of function.

¢ Nucleic acids are molecules made up of repeating units of nucleotides that direct cellular activities
such as cell division and protein synthesis. Each nucleotide is made up of a pentose sugar, a
nitrogenous base, and a phosphate group. There are two types of nucleic acids: DNA and RNA.



Sample Questions: Most of the exam will be multiple choice, but being able to answer questions like these
will be helpful in preparing for the test in any format.
¢ The pH of lemon juice is about 2.0, whereas tomato juice's pH is about 4.0. Approximately how much
of an increase in hydrogen ion concentration is there between tomato juice and lemon juice?
e Why can some insects walk on water?
e Explain at least three functions that lipids serve in plants and/or animals.
e Explain why water is an excellent solvent.

Biological Molecules
All material in the following lecture slides as well as material from the textbook sections listed below:
BIO10_lecture_biological_molecules_uploaded-updated.pptx

3.1 — You will be well prepared for the exam if you can...
¢ Describe the roles of cells in organisms
e Compare and contrast light microscopy and electron microscopy
e Summarize the cell theory

3.4 — You will be well prepared for the exam if you can...
¢ Understand the fluid mosaic model of membranes
¢ Describe the functions of phospholipids, proteins, and carbohydrates in membranes

3.5 — You will be well prepared for the exam if you can...
e Explain why and how passive transport occurs
¢ Understand the processes of osmosis and diffusion
¢ Define tonicity and describe its relevance to passive transport

3.6 — You will be well prepared for the exam if you can...
¢ Understand how electrochemical gradients affect ions
o Describe endocytosis, including phagocytosis, pinocytosis, and receptor-mediated endocytosis
¢ Understand the process of exocytosis

3.1 How Cells Are Studied
¢ A cell is the smallest unit of life. Most cells are so small that they cannot be viewed with the naked eye.
Therefore, scientists must use microscopes to study cells. Electron microscopes provide higher
magnification, higher resolution, and more detail than light microscopes. The unified cell theory states
that all organisms are composed of one or more cells, the cell is the basic unit of life, and new cells
arise from existing cells.
3.4 The Cell Membrane
e The modern understanding of the plasma membrane is referred to as the fluid mosaic model. The
plasma membrane is composed of a bilayer of phospholipids, with their hydrophobic, fatty acid tails in
contact with each other. The landscape of the membrane is studded with proteins, some of which
span the membrane. Some of these proteins serve to transport materials into or out of the cell.
Carbohydrates are attached to some of the proteins and lipids on the outward-facing surface of the
membrane. These form complexes that function to identify the cell to other cells. The fluid nature of
the membrane owes itself to the configuration of the fatty acid tails, the presence of cholesterol
embedded in the membrane (in animal cells), and the mosaic nature of the proteins and protein-
carbohydrate complexes, which are not firmly fixed in place. Plasma membranes enclose the borders
of cells, but rather than being a static bag, they are dynamic and constantly in flux.



3.5 Passive Transport

¢ The passive forms of transport, diffusion and osmosis, move material of small molecular weight.
Substances diffuse from areas of high concentration to areas of low concentration, and this process
continues until the substance is evenly distributed in a system. In solutions of more than one
substance, each type of molecule diffuses according to its own concentration gradient. Many factors
can affect the rate of diffusion, including concentration gradient, the sizes of the particles that are
diffusing, and the temperature of the system.

e In living systems, diffusion of substances into and out of cells is mediated by the plasma membrane.
Some materials diffuse readily through the membrane, but others are hindered, and their passage is
only made possible by protein channels and carriers. The chemistry of living things occurs in aqueous
solutions, and balancing the concentrations of those solutions is an ongoing problem. In living
systems, diffusion of some substances would be slow or difficult without membrane proteins.

3.6 Active Transport

e The combined gradient that affects an ion includes its concentration gradient and its electrical gradient.
Living cells need certain substances in concentrations greater than they exist in the extracellular
space. Moving substances up their electrochemical gradients requires energy from the cell. Active
transport uses energy stored in ATP to fuel the transport. Active transport of small molecular-size
material uses integral proteins in the cell membrane to move the material —these proteins are
analogous to pumps. Some pumps, which carry out primary active transport, couple directly with ATP
to drive their action. In secondary transport, energy from primary transport can be used to move
another substance into the cell and up its concentration gradient.

¢ Endocytosis methods require the direct use of ATP to fuel the transport of large particles such as
macromolecules; parts of cells or whole cells can be engulfed by other cells in a process called
phagocytosis. In phagocytosis, a portion of the membrane invaginates and flows around the particle,
eventually pinching off and leaving the particle wholly enclosed by an envelope of plasma membrane.
Vacuoles are broken down by the cell, with the particles used as food or dispatched in some other
way. Pinocytosis is a similar process on a smaller scale. The cell expels waste and other particles
through the reverse process, exocytosis. Wastes are moved outside the cell, pushing a membranous
vesicle to the plasma membrane, allowing the vesicle to fuse with the membrane and incorporating
itself into the membrane structure, releasing its contents to the exterior of the cell.

Sample Questions: Most of the exam will be multiple choice, but being able to answer questions like these
will be helpful in preparing for the test in any format.
¢ In the context of cell biology, what do we mean by form follows function? What are at least two
examples of this concept?
o Why is it advantageous for the cell membrane to be fluid in nature?
e Where does the cell get energy for active transport processes?

Cell Diversity
All material in the following lecture slides as well as material from the textbook sections listed below:
BIO10_lecture_cell_diversity_uploaded.pptx

3.2 — You will be well prepared for the exam if you can...
¢ Name examples of prokaryotic and eukaryotic organisms
e Compare and contrast prokaryotic cells and eukaryotic cells
¢ Describe the relative sizes of different kinds of cells



3.3 — You will be well prepared for the exam if you can...
¢ Describe the structure of eukaryotic plant and animal cells
¢ State the role of the plasma membrane
e Summarize the functions of the major cell organelles
o Describe the cytoskeleton and extracellular matrix

3.2 Comparing Prokaryotic and Eukaryotic Cells

¢ Prokaryotes are predominantly single-celled organisms of the domains Bacteria and Archaea. All
prokaryotes have plasma membranes, cytoplasm, ribosomes, a cell wall, DNA, and lack membrane-
bound organelles. Many also have polysaccharide capsules. Prokaryotic cells range in diameter from
0.1-5.0 pym.

o Like a prokaryotic cell, a eukaryotic cell has a plasma membrane, cytoplasm, and ribosomes, but a
eukaryotic cell is typically larger than a prokaryotic cell, has a true nucleus (meaning its DNA is
surrounded by a membrane), and has other membrane-bound organelles that allow for
compartmentalization of functions. Eukaryotic cells tend to be 10 to 100 times the size of prokaryotic
cells.

3.3 Eukaryotic Cells

o Like a prokaryotic cell, a eukaryotic cell has a plasma membrane, cytoplasm, and ribosomes, but a
eukaryotic cell is typically larger than a prokaryotic cell, has a true nucleus (meaning its DNA is
surrounded by a membrane), and has other membrane-bound organelles that allow for
compartmentalization of functions. The plasma membrane is a phospholipid bilayer embedded with
proteins. The nucleolus within the nucleus is the site for ribosome assembly. Ribosomes are found in
the cytoplasm or are attached to the cytoplasmic side of the plasma membrane or endoplasmic
reticulum. They perform protein synthesis. Mitochondria perform cellular respiration and produce
ATP. Peroxisomes break down fatty acids, amino acids, and some toxins. Vesicles and vacuoles are
storage and transport compartments. In plant cells, vacuoles also help break down macromolecules.

¢ Animal cells also have a centrosome and lysosomes. The centrosome has two bodies, the centrioles,
with an unknown role in cell division. Lysosomes are the digestive organelles of animal cells.

¢ Plant cells have a cell wall, chloroplasts, and a central vacuole. The plant cell wall, whose primary
component is cellulose, protects the cell, provides structural support, and gives shape to the cell.
Photosynthesis takes place in chloroplasts. The central vacuole expands, enlarging the cell without
the need to produce more cytoplasm.

e The endomembrane system includes the nuclear envelope, the endoplasmic reticulum, Golgi
apparatus, lysosomes, vesicles, as well as the plasma membrane. These cellular components work
together to modify, package, tag, and transport membrane lipids and proteins.

¢ The cytoskeleton has three different types of protein elements. Microfilaments provide rigidity and
shape to the cell, and facilitate cellular movements. Intermediate filaments bear tension and anchor
the nucleus and other organelles in place. Microtubules help the cell resist compression, serve as
tracks for motor proteins that move vesicles through the cell, and pull replicated chromosomes to
opposite ends of a dividing cell. They are also the structural elements of centrioles, flagella, and cilia.

e Animal cells communicate through their extracellular matrices and are connected to each other by tight
junctions, desmosomes, and gap junctions. Plant cells are connected and communicate with each
other by plasmodesmata.

Sample Questions: Most of the exam will be multiple choice, but being able to answer questions like these
will be helpful in preparing for the test in any format.

¢ Describe the structures that are characteristic of a prokaryote cell.

¢ What features are found both in eukaryotic and prokaryotic cells?



Energy and Membrane Transport Part 1

All material in the following lecture slides as well as material from the textbook sections listed below:

BIO10_lecture_energy_and_membrane_transport_part1_uploaded-updated.pptx

4.1 — You will be well prepared for the exam if you can...

Explain what metabolic pathways are

State the first and second laws of thermodynamics

Explain the difference between kinetic and potential energy
Describe endergonic and exergonic reactions
Discuss how enzymes function as molecular catalysts

4.1 Energy and Metabolism

Cells perform the functions of life through various chemical reactions. A cell’s metabolism refers to the
combination of chemical reactions that take place within it. Catabolic reactions break down complex
chemicals into simpler ones and are associated with energy release. Anabolic processes build
complex molecules out of simpler ones and require energy.

In studying energy, the term system refers to the matter and environment involved in energy transfers.
Entropy is a measure of the disorder of a system. The physical laws that describe the transfer of
energy are the laws of thermodynamics. The first law states that the total amount of energy in the
universe is constant. The second law of thermodynamics states that every energy transfer involves
some loss of energy in an unusable form, such as heat energy. Energy comes in different forms:
kinetic, potential, and free. The change in free energy of a reaction can be negative (releases energy,
exergonic) or positive (consumes energy, endergonic). All reactions require an initial input of energy
to proceed, called the activation energy.

Enzymes are chemical catalysts that speed up chemical reactions by lowering their activation energy.
Enzymes have an active site with a unique chemical environment that fits particular chemical
reactants for that enzyme, called substrates. Enzymes and substrates are thought to bind according
to an induced-fit model. Enzyme action is regulated to conserve resources and respond optimally to
the environment.

Sample Questions: Most of the exam will be multiple choice, but being able to answer questions like these
will be helpful in preparing for the test in any format.

Does physical exercise to increase muscle mass involve anabolic and/or catabolic processes? Give
evidence for your answer.

Explain in your own terms the difference between a spontaneous reaction and one that occurs
instantaneously, and what causes this difference.

Energy and Membrane Transport Part 2

All material in the following lecture slides as well as material from the textbook sections listed below:

BIO10_lecture_energy_and_membrane_transport_part2-uploaded.pptx

Section 4.2 — You will be well prepared for the exam if you can...

Explain how ATP is used by the cell as an energy source

¢ Describe the overall result in terms of molecules produced of the breakdown of glucose by glycolysis



Section 4.3 — You will be well prepared for the exam if you can...
¢ Describe the location of the citric acid cycle and oxidative phosphorylation in the cell
¢ Describe the overall outcome of the citric acid cycle and oxidative phosphorylation in terms of the
products of each
¢ Describe the relationships of glycolysis, the citric acid cycle, and oxidative phosphorylation in terms of
their inputs and outputs.

Section 4.4 — You will be well prepared for the exam if you can...
¢ Discuss the fundamental difference between anaerobic cellular respiration and fermentation
¢ Describe the type of fermentation that readily occurs in animal cells and the conditions that initiate that
fermentation

Section 4.2 Glycolysis

o ATP functions as the energy currency for cells. It allows cells to store energy briefly and transport it
within itself to support endergonic chemical reactions. The structure of ATP is that of an RNA
nucleotide with three phosphate groups attached. As ATP is used for energy, a phosphate group is
detached, and ADP is produced. Energy derived from glucose catabolism is used to recharge ADP
into ATP.

¢ Glycolysis is the first pathway used in the breakdown of glucose to extract energy. Because it is used
by nearly all organisms on earth, it must have evolved early in the history of life. Glycolysis consists of
two parts: The first part prepares the six-carbon ring of glucose for separation into two three-carbon
sugars. Energy from ATP is invested into the molecule during this step to energize the separation.
The second half of glycolysis extracts ATP and high-energy electrons from hydrogen atoms and

attaches them to NAD*. Two ATP molecules are invested in the first half and four ATP molecules are
formed during the second half. This produces a net gain of two ATP molecules per molecule of
glucose for the cell.

Section 4.3 Citric Acid Cycle and Oxidative Phosphorylation
¢ The citric acid cycle is a series of chemical reactions that removes high-energy electrons and uses
them in the electron transport chain to generate ATP. One molecule of ATP (or an equivalent) is
produced per each turn of the cycle.
¢ The electron transport chain is the portion of aerobic respiration that uses free oxygen as the final
electron acceptor for electrons removed from the intermediate compounds in glucose catabolism. The
electrons are passed through a series of chemical reactions, with a small amount of free energy used
at three points to transport hydrogen ions across the membrane. This contributes to the gradient used
in chemiosmosis. As the electrons are passed from NADH or FADH2 down the electron transport
chain, they lose energy. The products of the electron transport chain are water and ATP. A number of
intermediate compounds can be diverted into the anabolism of other biochemical molecules, such as
nucleic acids, non-essential amino acids, sugars, and lipids. These same molecules, except nucleic
acids, can serve as energy sources for the glucose pathway.
Section 4.4 Fermentation
¢ If NADH cannot be metabolized through aerobic respiration, another electron acceptor is used. Most

organisms will use some form of fermentation to accomplish the regeneration of NAD™, ensuring the

continuation of glycolysis. The regeneration of NADY in fermentation is not accompanied by ATP
production; therefore, the potential for NADH to produce ATP using an electron transport chain is not
utilized.



Sample Questions: Most of the exam will be multiple choice, but being able to answer questions like these
will be helpful in preparing for the test in any format.
¢ Both prokaryotic and eukaryotic organisms carry out some form of glycolysis. How does that fact
support or not support the assertion that glycolysis is one of the oldest metabolic pathways?
¢ We inhale oxygen when we breathe and exhale carbon dioxide. What is the oxygen used for and where
does the carbon dioxide come from?
e When muscle cells run out of oxygen, what happens to the potential for energy extraction from sugars
and what pathways do the cell use?
¢ Would you describe metabolic pathways as inherently wasteful or inherently economical, and why?

Photosynthesis
All material in the following lecture slides as well as material from the textbook sections listed below:
BIO10_lecture_photosynthesis_uploaded.pptx

Section 5.1 — You will be well prepared for the exam if you can...
e Summarize the process of photosynthesis
¢ Explain the relevance of photosynthesis to other living things
¢ Identify the reactants and products of photosynthesis
e Describe the main structures involved in photosynthesis

Section 5.2 — You will be well prepared for the exam if you can...
¢ Explain how plants absorb energy from sunlight
¢ Describe how the wavelength of light affects its energy and color
¢ Describe how and where photosynthesis takes place within a plant

Section 5.3 — You will be well prepared for the exam if you can...
¢ Describe the Calvin cycle
¢ Define carbon fixation
¢ Explain how photosynthesis works in the energy cycle of all living organisms

Section 5.1 Overview of Photosynthesis
¢ The process of photosynthesis transformed life on earth. By harnessing energy from the sun,
photosynthesis allowed living things to access enormous amounts of energy. Because of
photosynthesis, living things gained access to sufficient energy, allowing them to evolve new
structures and achieve the biodiversity that is evident today.
¢ Only certain organisms, called autotrophs, can perform photosynthesis; they require the presence of
chlorophyll, a specialized pigment that can absorb light and convert light energy into chemical energy.
Photosynthesis uses carbon dioxide and water to assemble carbohydrate molecules (usually glucose)
and releases oxygen into the air. Eukaryotic autotrophs, such as plants and algae, have organelles
called chloroplasts in which photosynthesis takes place.
Section 5.2 The Light-Dependent Reactions of Photosynthesis
e In the first part of photosynthesis, the light-dependent reaction, pigment molecules absorb energy from
sunlight. The most common and abundant pigment is chlorophyll a. A photon strikes photosystem Il
to initiate photosynthesis. Energy travels through the electron transport chain, which pumps hydrogen
ions into the thylakoid space. This forms an electrochemical gradient. The ions flow through ATP
synthase from the thylakoid space into the stroma in a process called chemiosmosis to form
molecules of ATP, which are used for the formation of sugar molecules in the second stage of
photosynthesis. Photosystem | absorbs a second photon, which results in the formation of an NADPH
molecule, another energy carrier for the Calvin cycle reactions.



Section 5.3 The Calvin Cycle

¢ Using the energy carriers formed in the first stage of photosynthesis, the Calvin cycle reactions fix
CO2 from the environment to build carbohydrate molecules. An enzyme, RuBisCO, catalyzes the
fixation reaction, by combining CO2 with RuBP. The resulting six-carbon compound is broken down
into two three-carbon compounds, and the energy in ATP and NADPH is used to convert these
molecules into G3P. One of the three-carbon molecules of G3P leaves the cycle to become a part of
a carbohydrate molecule. The remaining G3P molecules stay in the cycle to be formed back into
RuBP, which is ready to react with more CO2. Photosynthesis forms a balanced energy cycle with the
process of cellular respiration. Plants are capable of both photosynthesis and cellular respiration,
since they contain both chloroplasts and mitochondria.

Sample Questions: Most of the exam will be multiple choice, but being able to answer questions like these
will be helpful in preparing for the test in any format.

e What is the overall purpose of the light reactions in photosynthesis?

o Why are carnivores, such as lions, dependent on photosynthesis to survive?

¢ Describe the pathway of energy in light-dependent reactions.

¢ Which part of the Calvin cycle would be affected if a cell could not produce the enzyme RuBisCO?

¢ Explain the reciprocal nature of the net chemical reactions for photosynthesis and respiration.

Protein Synthesis
All material in the following lecture slides as well as material from the textbook sections listed below:
BIO10_lecture_protein_synthesis_uploaded.pptx

Section 9.1 — You will be well prepared for the exam if you can...
¢ Describe the structure of DNA
¢ Describe how eukaryotic and prokaryotic DNA is arranged in the cell

Section 9.2 — You will be well prepared for the exam if you can...
¢ Explain the process of DNA replication
¢ Explain the importance of telomerase to DNA replication
¢ Describe mechanisms of DNA repair

Section 9.3 — You will be well prepared for the exam if you can...
e Explain the central dogma
o Explain the main steps of transcription
e Describe how eukaryotic mRNA is processed

Section 9.4 — You will be well prepared for the exam if you can...
¢ Describe the different steps in protein synthesis
¢ Discuss the role of ribosomes in protein synthesis
o Describe the genetic code and how the nucleotide sequence determines the amino acid and the protein
sequence

Section 9.5 — You will be well prepared for the exam if you can...
¢ Discuss why every cell does not express all of its genes
¢ Describe how prokaryotic gene expression occurs at the transcriptional level
e Understand that eukaryotic gene expression occurs at the epigenetic, transcriptional, post-
transcriptional, translational, and post-translational levels



Section 9.1 The Structure of DNA

e The model of the double-helix structure of DNA was proposed by Watson and Crick. The DNA
molecule is a polymer of nucleotides. Each nucleotide is composed of a nitrogenous base, a five-
carbon sugar (deoxyribose), and a phosphate group. There are four nitrogenous bases in DNA, two
purines (adenine and guanine) and two pyrimidines (cytosine and thymine). A DNA molecule is
composed of two strands. Each strand is composed of nucleotides bonded together covalently
between the phosphate group of one and the deoxyribose sugar of the next. From this backbone
extend the bases. The bases of one strand bond to the bases of the second strand with hydrogen
bonds. Adenine always bonds with thymine, and cytosine always bonds with guanine. The bonding
causes the two strands to spiral around each other in a shape called a double helix. Ribonucleic acid
(RNA) is a second nucleic acid found in cells. RNA is a single-stranded polymer of nucleotides. It also
differs from DNA in that it contains the sugar ribose, rather than deoxyribose, and the nucleotide
uracil rather than thymine. Various RNA molecules function in the process of forming proteins from
the genetic code in DNA.

o Prokaryotes contain a single, double-stranded circular chromosome. Eukaryotes contain double-
stranded linear DNA molecules packaged into chromosomes. The DNA helix is wrapped around
proteins to form nucleosomes. The protein coils are further coiled, and during mitosis and meiosis,
the chromosomes become even more greatly coiled to facilitate their movement. Chromosomes have
two distinct regions which can be distinguished by staining, reflecting different degrees of packaging
and determined by whether the DNA in a region is being expressed (euchromatin) or not
(heterochromatin).

Section 9.2 DNA Replication

¢ DNA replicates by a semi-conservative method in which each of the two parental DNA strands act as a
template for new DNA to be synthesized. After replication, each DNA has one parental or “old” strand,
and one daughter or “new” strand.

e Replication in eukaryotes starts at multiple origins of replication, while replication in prokaryotes starts
from a single origin of replication. The DNA is opened with enzymes, resulting in the formation of the
replication fork. Primase synthesizes an RNA primer to initiate synthesis by DNA polymerase, which
can add nucleotides in only one direction.

¢ One strand is synthesized continuously in the direction of the replication fork; this is called the leading
strand. The other strand is synthesized in a direction away from the replication fork, in short stretches
of DNA known as Okazaki fragments. This strand is known as the lagging strand. Once replication is
completed, the RNA primers are replaced by DNA nucleotides and the DNA is sealed with DNA
ligase.

¢ The ends of eukaryotic chromosomes pose a problem, as polymerase is unable to extend them without
a primer. Telomerase, an enzyme with an inbuilt RNA template, extends the ends by copying the
RNA template and extending one end of the chromosome. DNA polymerase can then extend the
DNA using the primer. In this way, the ends of the chromosomes are protected. Cells have
mechanisms for repairing DNA when it becomes damaged or errors are made in replication. These
mechanisms include mismatch repair to replace nucleotides that are paired with a non-
complementary base and nucleotide excision repair, which removes bases that are damaged such as
thymine dimers.



Section 9.3 Transcription
¢ In prokaryotes, mRBNA synthesis is initiated at a promoter sequence on the DNA template. Elongation

synthesizes new mRNA. Termination liberates the mRNA and occurs by mechanisms that stall the
RNA polymerase and cause it to fall off the DNA template. Newly transcribed eukaryotic mRNAs are
modified with a cap and a poly-A tail. These structures protect the mature mRNA from degradation
and help export it from the nucleus. Eukaryotic mRNAs also undergo splicing, in which introns are
removed and exons are reconnected with single-nucleotide accuracy. Only finished mRNAs are
exported from the nucleus to the cytoplasm.

Section 9.4 Translation
¢ The central dogma describes the flow of genetic information in the cell from genes to mRNA to

proteins. Genes are used to make mRNA by the process of transcription; mRNA is used to synthesize
proteins by the process of translation. The genetic code is the correspondence between the three-
nucleotide mRNA codon and an amino acid. The genetic code is “translated” by the tRNA molecules,
which associate a specific codon with a specific amino acid. The genetic code is degenerate because
64 triplet codons in mMRNA specify only 20 amino acids and three stop codons. This means that more
than one codon corresponds to an amino acid. Almost every species on the planet uses the same
genetic code.

e The players in translation include the mRNA template, ribosomes, tRNAs, and various enzymatic

factors. The small ribosomal subunit binds to the mRNA template. Translation begins at the initiating
AUG on the mRNA. The formation of bonds occurs between sequential amino acids specified by the
mRNA template according to the genetic code. The ribosome accepts charged tRNAs, and as it steps
along the mRNA, it catalyzes bonding between the new amino acid and the end of the growing
polypeptide. The entire mRNA is translated in three-nucleotide “steps” of the ribosome. When a stop
codon is encountered, a release factor binds and dissociates the components and frees the new
protein.

Section 9.5 How Genes Are Regulated

While all somatic cells within an organism contain the same DNA, not all cells within that organism
express the same proteins. Prokaryotic organisms express the entire DNA they encode in every cell,
but not necessarily all at the same time. Proteins are expressed only when they are needed.
Eukaryotic organisms express a subset of the DNA that is encoded in any given cell. In each cell
type, the type and amount of protein is regulated by controlling gene expression. To express a
protein, the DNA is first transcribed into RNA, which is then translated into proteins. In prokaryotic
cells, these processes occur almost simultaneously. In eukaryotic cells, transcription occurs in the
nucleus and is separate from the translation that occurs in the cytoplasm. Gene expression in
prokaryotes is regulated only at the transcriptional level, whereas in eukaryotic cells, gene expression
is regulated at the epigenetic, transcriptional, post-transcriptional, translational, and post- translational
levels.

Sample Questions: Most of the exam will be multiple choice, but being able to answer questions like these
will be helpful in preparing for the test in any format.

¢ Describe the organization of the eukaryotic chromosome.

¢ Describe the structure and complementary base pairing of DNA.

e How do the linear chromosomes in eukaryotes ensure that its ends are replicated completely?

e Transcribe and translate the following DNA sequence (nontemplate strand):

5-ATGGCCGGTTATTAAGCA-3'

e Describe how controlling gene expression will alter the overall protein levels in the cell.



Mitosis
All material in the following lecture slides as well as material from the textbook sections listed below:
BIO10_lecture_mitosis-uploaded.pptx

Section 6.1 — You will be well prepared for the exam if you can...
¢ Describe the prokaryotic and eukaryotic genome
¢ Distinguish between chromosomes, genes, and traits

Section 6.2 — You will be well prepared for the exam if you can...
¢ Describe the three stages of interphase
¢ Discuss the behavior of chromosomes during mitosis and how the cytoplasmic content divides during
cytokinesis
¢ Define the quiescent GO phase
¢ Explain how the three internal control checkpoints occur at the end of G1, at the G2—-M transition, and
during metaphase

Section 6.1 The Genome

¢ Prokaryotes have a single loop chromosome, whereas eukaryotes have multiple, linear chromosomes
surrounded by a nuclear membrane. Human somatic cells have 46 chromosomes consisting of two
sets of 22 homologous chromosomes and a pair of nonhomologous sex chromosomes. This is the
2n, or diploid, state. Human gametes have 23 chromosomes or one complete set of chromosomes.
This is the n, or haploid, state. Genes are segments of DNA that code for a specific protein or RNA
molecule. An organism’s traits are determined in large part by the genes inherited from each parent,
but also by the environment that they experience. Genes are expressed as characteristics of the
organism and each characteristic may have different variants called traits that are caused by
differences in the DNA sequence for a gene.

Section 6.2 The Cell Cycle

e The cell cycle is an orderly sequence of events. Cells on the path to cell division proceed through a
series of precisely timed and carefully regulated stages. In eukaryotes, the cell cycle consists of a
long preparatory period, called interphase. Interphase is divided into G1, S, and G2 phases. Mitosis
consists of five stages: prophase, prometaphase, metaphase, anaphase, and telophase. Mitosis is
usually accompanied by cytokinesis, during which the cytoplasmic components of the daughter cells
are separated either by an actin ring (animal cells) or by cell plate formation (plant cells).

e Each step of the cell cycle is monitored by internal controls called checkpoints. There are three major
checkpoints in the cell cycle: one near the end of G1, a second at the G2—M transition, and the third
during metaphase.

Sample Questions: Most of the exam will be multiple choice, but being able to answer questions like these
will be helpful in preparing for the test in any format.
e Compare and contrast a human somatic cell to a human gamete.
¢ Describe the similarities and differences between the cytokinesis mechanisms found in animal cells
versus those in plant cells.

Meiosis
All material in the following lecture slides as well as material from the textbook sections listed below:
BIO10_lecture_meisosis-uploaded.pptx



Section 7.2 — You will be well prepared for the exam if you can...
¢ Describe the behavior of chromosomes during meiosis
o Describe cellular events during meiosis
¢ Explain the differences between meiosis and mitosis
¢ Explain the mechanisms within meiosis that generate genetic variation among the products of meiosis

Section 7.2 Meiosis

¢ Sexual reproduction requires that diploid organisms produce haploid cells that can fuse during
fertilization to form diploid offspring. The process that results in haploid cells is called meiosis.
Meiosis is a series of events that arrange and separate chromosomes into daughter cells. During the
interphase of meiosis, each chromosome is duplicated. In meiosis, there are two rounds of nuclear
division resulting in four nuclei and usually four haploid daughter cells, each with half the number of
chromosomes as the parent cell. During meiosis, variation in the daughter nuclei is introduced
because of crossover in prophase | and random alignment at metaphase I. The cells that are
produced by meiosis are genetically unique.

o Meiosis and mitosis share similarities, but have distinct outcomes. Mitotic divisions are single nuclear
divisions that produce daughter nuclei that are genetically identical and have the same number of
chromosome sets as the original cell. Meiotic divisions are two nuclear divisions that produce four
daughter nuclei that are genetically different and have one chromosome set rather than the two sets
the parent cell had. The main differences between the processes occur in the first division of meiosis.
The homologous chromosomes separate into different nuclei during meiosis | causing a reduction of
ploidy level. The second division of meiosis is much more similar to a mitotic division.

Sample Questions: Most of the exam will be multiple choice, but being able to answer questions like these
will be helpful in preparing for the test in any format.
¢ Explain the advantage that populations of sexually reproducing organisms have over asexually
reproducing organisms?
¢ Describe the two events that are common to all sexually reproducing organisms and how they fit into
the different life cycles of those organisms.
¢ Explain how the random alignment of homologous chromosomes during metaphase | contributes to
variation in gametes produced by meiosis.
¢ In what ways is meiosis Il similar to and different from mitosis of a diploid cell?

Genetics
All material in the following lecture slides as well as material from the textbook sections listed below:
BIO10_lecture_genetics-updated.pptx

Section 8.1 — You will be well prepared for the exam if you can...
¢ Explain the scientific reasons for the success of Mendel’s experimental work
¢ Describe the expected outcomes of monohybrid crosses involving dominant and recessive alleles

Section 8.2 — You will be well prepared for the exam if you can...
o Explain the relationship between genotypes and phenotypes in dominant and recessive gene systems
e Use a Punnett square to calculate the expected proportions of genotypes and phenotypes in a
monohybrid cross



Section 8.1 Mendel’s Experiments

e Working with garden pea plants, Mendel found that crosses between parents that differed for one trait
produced F1 offspring that all expressed one parent’s traits. The traits that were visible in the F1
generation are referred to as dominant, and traits that disappear in the F1 generation are described
as recessive. When the F1 plants in Mendel’s experiment were self-crossed, the F2 offspring
exhibited the dominant trait or the recessive trait in a 3:1 ratio, confirming that the recessive trait had
been transmitted faithfully from the original P parent. Reciprocal crosses generated identical F1 and
F2 offspring ratios. By examining sample sizes, Mendel showed that traits were inherited as
independent events.

Section 8.2 Laws of Inheritance

¢ When true-breeding, or homozygous, individuals that differ for a certain trait are crossed, all of the
offspring will be heterozygous for that trait. If the traits are inherited as dominant and recessive, the
F1 offspring will all exhibit the same phenotype as the parent homozygous for the dominant trait. If
these heterozygous offspring are self-crossed, the resulting F2 offspring will be equally likely to inherit
gametes carrying the dominant or recessive trait, giving rise to offspring of which one quarter are
homozygous dominant, half are heterozygous, and one quarter are homozygous recessive. Because
homozygous dominant and heterozygous individuals are phenotypically identical, the observed traits
in the F2 offspring will exhibit a ratio of three dominant to one recessive.

¢ Mendel postulated that genes (characteristics) are inherited as pairs of alleles (traits) that behave in a
dominant and recessive pattern. Alleles segregate into gametes such that each gamete is equally
likely to receive either one of the two alleles present in a diploid individual. In addition, genes are
assorted into gametes independently of one another. That is, in general, alleles are not more likely to
segregate into a gamete with a particular allele of another gene.

Sample Questions: Most of the exam will be multiple choice, but being able to answer questions like these
will be helpful in preparing for the test in any format.
¢ Describe one of the reasons that made the garden pea an excellent choice of model system for
studying inheritance.
¢ Use a Punnett square to predict the offspring in a cross between a dwarf pea plant (homozygous
recessive) and a tall pea plant (heterozygous). What is the phenotypic ratio of the offspring?
¢ Use a Punnett square to predict the offspring in a cross between a tall pea plant (heterozygous) and a
tall pea plant (heterozygous). What is the genotypic ratio of the offspring?



