Tutorial Outline

Biology Ohio

Ohio Tutorials are designed specifically for the Ohio Learning Standards to prepare students for the Ohio State Tests and end-ofcourse exams.
Biology Tutorials offer targeted instruction, practice, and review designed to help students develop fluency, deepen conceptual
understanding, and apply scientific thinking skills. Students engage with the content in an interactive, feedback-rich environment as
they progress through standards-aligned modules. By constantly honing their ability to explain and analyze biological scenarios,
students build the depth of knowledge and higher-order skills required to demonstrate their mastery when put to the test.
In each module, the Learn It and Try It make complex ideas accessible through focused content, guided analysis, multi-modal
representations, and personalized feedback as students reason through increasingly challenging problems. The Review It offers a
high-impact summary of key concepts and relates those concepts to students’ lives. The Test It assesses students’ mastery of the
module’s concepts, providing granular performance data to students and teachers after each attempt. To help students focus on
the content most relevant to them, unit-level pretests and posttests can quickly identify where students are strong and where they’re
still learning.

1. THE NATURE OF LIFE
FROM ATOMS TO BIOSPHERE
B.DI.CE.1 Building on knowledge from elementary school (interactions of organisms within their environment and the law of
conservation of matter and energy, food webs) and from middle school (flow of energy through organisms, biomes and
biogeochemical cycles), this topic focuses on the study of diversity and similarity at the molecular level of organisms.
Additionally the effects of physical/chemical constraints on all biological relationships and systems are investigated.

B.DI.CE.4 Organisms transform energy (flow of energy) and matter (cycles of matter) as they survive and reproduce. The
cycling of matter and flow of energy occurs at all levels of biological organization, from molecules to ecosystems. At the high
school level, the concept of energy flow as unidirectional in ecosystems is explored.

B.C.CE.1 Building on knowledge from middle school (cell theory), this topic focuses on the cell as a system itself (singlecelled organism) and as part of larger systems (multicellular organism), sometimes as part of a multicellular organism, always
as part of an ecosystem. The cell is a system that conducts a variety of functions associated with life. Details of cellular
processes such as photosynthesis, chemosynthesis, cellular respiration, cell division and differentiation are studied at this
grade level. Additionally, cellular organelles studied are cytoskeleton, Golgi complex and endoplasmic reticulum.

CHARACTERISTICS OF LIFE
B.DI.CE.1 Building on knowledge from elementary school (interactions of organisms within their environment and the law of
conservation of matter and energy, food webs) and from middle school (flow of energy through organisms, biomes and
biogeochemical cycles), this topic focuses on the study of diversity and similarity at the molecular level of organisms.
Additionally the effects of physical/chemical constraints on all biological relationships and systems are investigated.

B.C.CE.1 Building on knowledge from middle school (cell theory), this topic focuses on the cell as a system itself (singlecelled organism) and as part of larger systems (multicellular organism), sometimes as part of a multicellular organism, always
as part of an ecosystem. The cell is a system that conducts a variety of functions associated with life. Details of cellular
processes such as photosynthesis, chemosynthesis, cellular respiration, cell division and differentiation are studied at this
grade level. Additionally, cellular organelles studied are cytoskeleton, Golgi complex and endoplasmic reticulum.

B.DI.CE.4 Organisms transform energy (flow of energy) and matter (cycles of matter) as they survive and reproduce. The
cycling of matter and flow of energy occurs at all levels of biological organization, from molecules to ecosystems. At the high
school level, the concept of energy flow as unidirectional in ecosystems is explored.

2. THE CHEMISTRY OF LIFE
BIOMOLECULES
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B.DI.CE.1 Building on knowledge from elementary school (interactions of organisms within their environment and the law of
conservation of matter and energy, food webs) and from middle school (flow of energy through organisms, biomes and
biogeochemical cycles), this topic focuses on the study of diversity and similarity at the molecular level of organisms.
Additionally the effects of physical/chemical constraints on all biological relationships and systems are investigated.

B.C.CE.4 A living cell is composed of a small number of elements, mainly carbon, hydrogen, nitrogen, oxygen, phosphorous
and sulfur. Carbon, because of its small size and four available bonding electrons, can join to other carbon atoms in chains
and rings to form large and complex molecules. The essential functions of cells involve chemical reactions that involve water
and carbohydrates, proteins, lipids and nucleic acids. A special group of proteins, enzymes, enables chemical reactions to
occur within living systems.

B.C.CE.6 The sequence of DNA bases on a chromosome determines the sequence of amino acids in a protein. Proteins
catalyze most chemical reactions in cells. Protein molecules are long, usually folded chains made from combinations of the
20 typical amino-acid sub-units found in the cell. The function of each protein molecule depends on its specific sequence of
amino acids and the shape the chain takes as a result of that sequence.

ENZYMES
B.DI.CE.1 Building on knowledge from elementary school (interactions of organisms within their environment and the law of
conservation of matter and energy, food webs) and from middle school (flow of energy through organisms, biomes and
biogeochemical cycles), this topic focuses on the study of diversity and similarity at the molecular level of organisms.
Additionally the effects of physical/chemical constraints on all biological relationships and systems are investigated.

B.C.CE.4 A living cell is composed of a small number of elements, mainly carbon, hydrogen, nitrogen, oxygen, phosphorous
and sulfur. Carbon, because of its small size and four available bonding electrons, can join to other carbon atoms in chains
and rings to form large and complex molecules. The essential functions of cells involve chemical reactions that involve water
and carbohydrates, proteins, lipids and nucleic acids. A special group of proteins, enzymes, enables chemical reactions to
occur within living systems.

B.C.CE.6 The sequence of DNA bases on a chromosome determines the sequence of amino acids in a protein. Proteins
catalyze most chemical reactions in cells. Protein molecules are long, usually folded chains made from combinations of the
20 typical amino-acid sub-units found in the cell. The function of each protein molecule depends on its specific sequence of
amino acids and the shape the chain takes as a result of that sequence.

B.C.CE.5 Cell functions are regulated. Complex interactions among the different kinds of molecules in the cell cause distinct
cycles of activities, such as growth and division. Most cells function within a narrow range of temperature and pH. At very low
temperatures, reaction rates are slow. High temperatures and/or extremes of pH can irreversibly change the structure of
most protein molecules. Even small changes in pH can alter how molecules interact.

3. CELL STRUCTURE AND FUNCTION
PROKARYOTIC AND EUKARYOTIC CELLS
B.C.CE.1 Building on knowledge from middle school (cell theory), this topic focuses on the cell as a system itself (singlecelled organism) and as part of larger systems (multicellular organism), sometimes as part of a multicellular organism, always
as part of an ecosystem. The cell is a system that conducts a variety of functions associated with life. Details of cellular
processes such as photosynthesis, chemosynthesis, cellular respiration, cell division and differentiation are studied at this
grade level. Additionally, cellular organelles studied are cytoskeleton, Golgi complex and endoplasmic reticulum.

B.C.CE.3 Every cell is covered by a membrane that controls what can enter and leave the cell. In all but quite primitive cells,
a complex network of proteins provides organization and shape. Within the cell are specialized parts for the transport of
materials, energy transformation, protein building, waste disposal, information feedback and movement. In addition to these
basic cellular functions, most cells in multicellular organisms perform some specific functions that others do not.

PLANT AND ANIMAL CELLS
B.C.CE.1 Building on knowledge from middle school (cell theory), this topic focuses on the cell as a system itself (singlecelled organism) and as part of larger systems (multicellular organism), sometimes as part of a multicellular organism, always
as part of an ecosystem. The cell is a system that conducts a variety of functions associated with life. Details of cellular
processes such as photosynthesis, chemosynthesis, cellular respiration, cell division and differentiation are studied at this
grade level. Additionally, cellular organelles studied are cytoskeleton, Golgi complex and endoplasmic reticulum.

B.C.CE.3 Every cell is covered by a membrane that controls what can enter and leave the cell. In all but quite primitive cells,
a complex network of proteins provides organization and shape. Within the cell are specialized parts for the transport of
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materials, energy transformation, protein building, waste disposal, information feedback and movement. In addition to these
basic cellular functions, most cells in multicellular organisms perform some specific functions that others do not.

PASSIVE TRANSPORT
B.DI.CE.1 Building on knowledge from elementary school (interactions of organisms within their environment and the law of
conservation of matter and energy, food webs) and from middle school (flow of energy through organisms, biomes and
biogeochemical cycles), this topic focuses on the study of diversity and similarity at the molecular level of organisms.
Additionally the effects of physical/chemical constraints on all biological relationships and systems are investigated.

B.C.CE.1 Building on knowledge from middle school (cell theory), this topic focuses on the cell as a system itself (singlecelled organism) and as part of larger systems (multicellular organism), sometimes as part of a multicellular organism, always
as part of an ecosystem. The cell is a system that conducts a variety of functions associated with life. Details of cellular
processes such as photosynthesis, chemosynthesis, cellular respiration, cell division and differentiation are studied at this
grade level. Additionally, cellular organelles studied are cytoskeleton, Golgi complex and endoplasmic reticulum.

B.C.CE.3 Every cell is covered by a membrane that controls what can enter and leave the cell. In all but quite primitive cells,
a complex network of proteins provides organization and shape. Within the cell are specialized parts for the transport of
materials, energy transformation, protein building, waste disposal, information feedback and movement. In addition to these
basic cellular functions, most cells in multicellular organisms perform some specific functions that others do not.

B.C.CE.5 Cell functions are regulated. Complex interactions among the different kinds of molecules in the cell cause distinct
cycles of activities, such as growth and division. Most cells function within a narrow range of temperature and pH. At very low
temperatures, reaction rates are slow. High temperatures and/or extremes of pH can irreversibly change the structure of
most protein molecules. Even small changes in pH can alter how molecules interact.

ACTIVE TRANSPORT
B.C.CE.1 Building on knowledge from middle school (cell theory), this topic focuses on the cell as a system itself (singlecelled organism) and as part of larger systems (multicellular organism), sometimes as part of a multicellular organism, always
as part of an ecosystem. The cell is a system that conducts a variety of functions associated with life. Details of cellular
processes such as photosynthesis, chemosynthesis, cellular respiration, cell division and differentiation are studied at this
grade level. Additionally, cellular organelles studied are cytoskeleton, Golgi complex and endoplasmic reticulum.

B.C.CE.3 Every cell is covered by a membrane that controls what can enter and leave the cell. In all but quite primitive cells,
a complex network of proteins provides organization and shape. Within the cell are specialized parts for the transport of
materials, energy transformation, protein building, waste disposal, information feedback and movement. In addition to these
basic cellular functions, most cells in multicellular organisms perform some specific functions that others do not.

4. CELLULAR ENERGETICS
PHOTOSYNTHESIS
B.C.CE.1 Building on knowledge from middle school (cell theory), this topic focuses on the cell as a system itself (singlecelled organism) and as part of larger systems (multicellular organism), sometimes as part of a multicellular organism, always
as part of an ecosystem. The cell is a system that conducts a variety of functions associated with life. Details of cellular
processes such as photosynthesis, chemosynthesis, cellular respiration, cell division and differentiation are studied at this
grade level. Additionally, cellular organelles studied are cytoskeleton, Golgi complex and endoplasmic reticulum.

B.C.CE.4 A living cell is composed of a small number of elements, mainly carbon, hydrogen, nitrogen, oxygen, phosphorous
and sulfur. Carbon, because of its small size and four available bonding electrons, can join to other carbon atoms in chains
and rings to form large and complex molecules. The essential functions of cells involve chemical reactions that involve water
and carbohydrates, proteins, lipids and nucleic acids. A special group of proteins, enzymes, enables chemical reactions to
occur within living systems.

CELLULAR RESPIRATION
B.C.CE.1 Building on knowledge from middle school (cell theory), this topic focuses on the cell as a system itself (singlecelled organism) and as part of larger systems (multicellular organism), sometimes as part of a multicellular organism, always
as part of an ecosystem. The cell is a system that conducts a variety of functions associated with life. Details of cellular
processes such as photosynthesis, chemosynthesis, cellular respiration, cell division and differentiation are studied at this
grade level. Additionally, cellular organelles studied are cytoskeleton, Golgi complex and endoplasmic reticulum.
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B.C.CE.4 A living cell is composed of a small number of elements, mainly carbon, hydrogen, nitrogen, oxygen, phosphorous
and sulfur. Carbon, because of its small size and four available bonding electrons, can join to other carbon atoms in chains
and rings to form large and complex molecules. The essential functions of cells involve chemical reactions that involve water
and carbohydrates, proteins, lipids and nucleic acids. A special group of proteins, enzymes, enables chemical reactions to
occur within living systems.

5. CELL GROWTH AND REPRODUCTION
THE CELL CYCLE
B.H.CE.2.6 "The many body cells in an individual can be very different from one another, even though they are all descended
from a single cell and thus have essentially identical genetic instructions. Different genes are active in different types of cells,
influenced by the cell’s environment and past history.” (AAAS)

B.C.CE.1 Building on knowledge from middle school (cell theory), this topic focuses on the cell as a system itself (singlecelled organism) and as part of larger systems (multicellular organism), sometimes as part of a multicellular organism, always
as part of an ecosystem. The cell is a system that conducts a variety of functions associated with life. Details of cellular
processes such as photosynthesis, chemosynthesis, cellular respiration, cell division and differentiation are studied at this
grade level. Additionally, cellular organelles studied are cytoskeleton, Golgi complex and endoplasmic reticulum.

B.C.CE.5 Cell functions are regulated. Complex interactions among the different kinds of molecules in the cell cause distinct
cycles of activities, such as growth and division. Most cells function within a narrow range of temperature and pH. At very low
temperatures, reaction rates are slow. High temperatures and/or extremes of pH can irreversibly change the structure of
most protein molecules. Even small changes in pH can alter how molecules interact.

MITOSIS
B.H.CE.2.6 "The many body cells in an individual can be very different from one another, even though they are all descended
from a single cell and thus have essentially identical genetic instructions. Different genes are active in different types of cells,
influenced by the cell’s environment and past history.” (AAAS)

B.C.CE.1 Building on knowledge from middle school (cell theory), this topic focuses on the cell as a system itself (singlecelled organism) and as part of larger systems (multicellular organism), sometimes as part of a multicellular organism, always
as part of an ecosystem. The cell is a system that conducts a variety of functions associated with life. Details of cellular
processes such as photosynthesis, chemosynthesis, cellular respiration, cell division and differentiation are studied at this
grade level. Additionally, cellular organelles studied are cytoskeleton, Golgi complex and endoplasmic reticulum.

6. DNA STRUCTURE AND FUNCTION
COMPONENTS OF DNA
B.H.CE.2.1 Life is specified by genomes. Each organism has a genome that contains all of the biological information needed
to build and maintain a living example of that organism. The biological information contained in a genome is encoded in its
deoxyribonucleic acid (DNA) and is divided into discrete units called genes.

B.H.CE.2.2 “Genes are segments of DNA molecules. The sequence of DNA bases in a chromosome determines the
sequence of amino acids in a protein. Inserting, deleting or substituting segments of DNA molecules can alter genes.

B.H.CE.5 It is imperative that the technological developments that lead to the current knowledge of heredity be included in
the study of heredity. For example, the development of the model for DNA structure was the result of the use of technology
and the studies and ideas of many scientists. Watson and Crick developed the final model, but did not do the original studies.

THE GENETIC CODE
B.H.CE.1 Building on knowledge from elementary school (plants and animals have life cycles and offspring resemble their
parents) and knowledge from middle school (reproduction, Mendelian Genetics, inherited traits and diversity of species), this
topic focuses on the explanation of genetic patterns of inheritance. In middle school, students learn that living things are a
result of one or two parents, and traits are passed on to the next generation through both asexual and sexual reproduction.
In addition, they learn that traits are defined by instructions encoded in many discrete genes and that a gene may come in
more than one form called alleles.

B.H.CE.3 In high school biology, Mendel’s laws of inheritance (introduced in grade 8) are interwoven with current knowledge
of DNA and chromosome structure and function to build toward basic knowledge of modern genetics. Sorting and
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recombination of genes in sexual reproduction and meiosis specifically result in a variance in traits of the offspring of any two
parents and explicitly connect the knowledge to evolution.

B.H.CE.2.1 Life is specified by genomes. Each organism has a genome that contains all of the biological information needed
to build and maintain a living example of that organism. The biological information contained in a genome is encoded in its
deoxyribonucleic acid (DNA) and is divided into discrete units called genes.

B.H.CE.2.2 “Genes are segments of DNA molecules. The sequence of DNA bases in a chromosome determines the
sequence of amino acids in a protein. Inserting, deleting or substituting segments of DNA molecules can alter genes.

B.H.CE.2.5 Genes code for protein. The sequence of DNA bases in a chromosome determines the sequence of amino acids
in a protein.

B.C.CE.6 The sequence of DNA bases on a chromosome determines the sequence of amino acids in a protein. Proteins
catalyze most chemical reactions in cells. Protein molecules are long, usually folded chains made from combinations of the
20 typical amino-acid sub-units found in the cell. The function of each protein molecule depends on its specific sequence of
amino acids and the shape the chain takes as a result of that sequence.

B.DI.CE.1 Building on knowledge from elementary school (interactions of organisms within their environment and the law of
conservation of matter and energy, food webs) and from middle school (flow of energy through organisms, biomes and
biogeochemical cycles), this topic focuses on the study of diversity and similarity at the molecular level of organisms.
Additionally the effects of physical/chemical constraints on all biological relationships and systems are investigated.

DNA REPLICATION
B.H.CE.2.1 Life is specified by genomes. Each organism has a genome that contains all of the biological information needed
to build and maintain a living example of that organism. The biological information contained in a genome is encoded in its
deoxyribonucleic acid (DNA) and is divided into discrete units called genes.

B.C.CE.1 Building on knowledge from middle school (cell theory), this topic focuses on the cell as a system itself (singlecelled organism) and as part of larger systems (multicellular organism), sometimes as part of a multicellular organism, always
as part of an ecosystem. The cell is a system that conducts a variety of functions associated with life. Details of cellular
processes such as photosynthesis, chemosynthesis, cellular respiration, cell division and differentiation are studied at this
grade level. Additionally, cellular organelles studied are cytoskeleton, Golgi complex and endoplasmic reticulum.

7. GENE EXPRESSION
TRANSCRIPTION
B.H.CE.2.2 “Genes are segments of DNA molecules. The sequence of DNA bases in a chromosome determines the
sequence of amino acids in a protein. Inserting, deleting or substituting segments of DNA molecules can alter genes.

B.H.CE.2.5 Genes code for protein. The sequence of DNA bases in a chromosome determines the sequence of amino acids
in a protein.

B.C.CE.6 The sequence of DNA bases on a chromosome determines the sequence of amino acids in a protein. Proteins
catalyze most chemical reactions in cells. Protein molecules are long, usually folded chains made from combinations of the
20 typical amino-acid sub-units found in the cell. The function of each protein molecule depends on its specific sequence of
amino acids and the shape the chain takes as a result of that sequence.

B.C.CE.1 Building on knowledge from middle school (cell theory), this topic focuses on the cell as a system itself (singlecelled organism) and as part of larger systems (multicellular organism), sometimes as part of a multicellular organism, always
as part of an ecosystem. The cell is a system that conducts a variety of functions associated with life. Details of cellular
processes such as photosynthesis, chemosynthesis, cellular respiration, cell division and differentiation are studied at this
grade level. Additionally, cellular organelles studied are cytoskeleton, Golgi complex and endoplasmic reticulum.

TRANSLATION
B.H.CE.2.2 “Genes are segments of DNA molecules. The sequence of DNA bases in a chromosome determines the
sequence of amino acids in a protein. Inserting, deleting or substituting segments of DNA molecules can alter genes.

B.H.CE.2.5 Genes code for protein. The sequence of DNA bases in a chromosome determines the sequence of amino acids
in a protein.

B.E.CE.1 At the elementary school level, evolution concepts include the relationship between organisms and the
environment, parent and offspring, and an introduction to the fossil record and extinction. At the middle school level, concepts
include biodiversity (as part of biomes) and speciation, further exploration of the fossil record and Earth history, changing
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environmental conditions (abiotic factors), natural selection and biological evolution.

B.C.CE.1 Building on knowledge from middle school (cell theory), this topic focuses on the cell as a system itself (singlecelled organism) and as part of larger systems (multicellular organism), sometimes as part of a multicellular organism, always
as part of an ecosystem. The cell is a system that conducts a variety of functions associated with life. Details of cellular
processes such as photosynthesis, chemosynthesis, cellular respiration, cell division and differentiation are studied at this
grade level. Additionally, cellular organelles studied are cytoskeleton, Golgi complex and endoplasmic reticulum.

B.C.CE.6 The sequence of DNA bases on a chromosome determines the sequence of amino acids in a protein. Proteins
catalyze most chemical reactions in cells. Protein molecules are long, usually folded chains made from combinations of the
20 typical amino-acid sub-units found in the cell. The function of each protein molecule depends on its specific sequence of
amino acids and the shape the chain takes as a result of that sequence.

8. MUTATIONS
GENETIC CHANGES IN DNA
B.H.CE.2.2 “Genes are segments of DNA molecules. The sequence of DNA bases in a chromosome determines the
sequence of amino acids in a protein. Inserting, deleting or substituting segments of DNA molecules can alter genes.

B.H.CE.2.3 An altered gene may be passed on to every cell that develops from it. The resulting features may help, harm or
have little or no effect on the offspring’s success in its environments.

B.E.CE.5 Different phenotypes result from new combinations of existing genes or from mutations of genes in reproductive
cells. At the high school level, the expectation is to combine grade-8 knowledge with explanation of the internal structure and
function of chromosomes. Natural selection works on the phenotype.

B.E.CE.6.2 The genetic variability of offspring due to mutation and recombination of genes;
B.H.CE.2.4 Gene mutations (when they occur in gametes) can be passed on to offspring.
B.E.CE.7 Mutations are described in the content elaboration for Heredity. Apply the knowledge of mutation and genetic drift to
real-world examples.

GENETIC CHANGES IN CHROMOSOMES
B.H.CE.2.2 “Genes are segments of DNA molecules. The sequence of DNA bases in a chromosome determines the
sequence of amino acids in a protein. Inserting, deleting or substituting segments of DNA molecules can alter genes.

B.H.CE.2.4 Gene mutations (when they occur in gametes) can be passed on to offspring.
B.E.CE.5 Different phenotypes result from new combinations of existing genes or from mutations of genes in reproductive
cells. At the high school level, the expectation is to combine grade-8 knowledge with explanation of the internal structure and
function of chromosomes. Natural selection works on the phenotype.

B.E.CE.6.2 The genetic variability of offspring due to mutation and recombination of genes;

9. HEREDITY
MENDELIAN LAWS OF HEREDITY
B.H.CE.1 Building on knowledge from elementary school (plants and animals have life cycles and offspring resemble their
parents) and knowledge from middle school (reproduction, Mendelian Genetics, inherited traits and diversity of species), this
topic focuses on the explanation of genetic patterns of inheritance. In middle school, students learn that living things are a
result of one or two parents, and traits are passed on to the next generation through both asexual and sexual reproduction.
In addition, they learn that traits are defined by instructions encoded in many discrete genes and that a gene may come in
more than one form called alleles.

B.H.CE.3 In high school biology, Mendel’s laws of inheritance (introduced in grade 8) are interwoven with current knowledge
of DNA and chromosome structure and function to build toward basic knowledge of modern genetics. Sorting and
recombination of genes in sexual reproduction and meiosis specifically result in a variance in traits of the offspring of any two
parents and explicitly connect the knowledge to evolution.

B.H.CE.4 The gene interactions described in middle school were limited primarily to dominance and co- dominance traits. In
high school genetic mechanisms, both classical and modern including incomplete dominance, sex-linked traits, goodness of
fit test (Chi-square) and dihybrid crosses are investigated through real-world examples. Dihybrid crosses can be used to
explore linkage groups. Gene interactions and phenotypic effects can be introduced using real-world examples (e.g.
polygenic inheritance, epistasis, and pleiotrophy).
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MULTIPLE ALLELES AND ALLELES WITHOUT DOMINANCE
B.H.CE.1 Building on knowledge from elementary school (plants and animals have life cycles and offspring resemble their
parents) and knowledge from middle school (reproduction, Mendelian Genetics, inherited traits and diversity of species), this
topic focuses on the explanation of genetic patterns of inheritance. In middle school, students learn that living things are a
result of one or two parents, and traits are passed on to the next generation through both asexual and sexual reproduction.
In addition, they learn that traits are defined by instructions encoded in many discrete genes and that a gene may come in
more than one form called alleles.

B.H.CE.3 In high school biology, Mendel’s laws of inheritance (introduced in grade 8) are interwoven with current knowledge
of DNA and chromosome structure and function to build toward basic knowledge of modern genetics. Sorting and
recombination of genes in sexual reproduction and meiosis specifically result in a variance in traits of the offspring of any two
parents and explicitly connect the knowledge to evolution.

B.H.CE.4 The gene interactions described in middle school were limited primarily to dominance and co- dominance traits. In
high school genetic mechanisms, both classical and modern including incomplete dominance, sex-linked traits, goodness of
fit test (Chi-square) and dihybrid crosses are investigated through real-world examples. Dihybrid crosses can be used to
explore linkage groups. Gene interactions and phenotypic effects can be introduced using real-world examples (e.g.
polygenic inheritance, epistasis, and pleiotrophy).

10. REPRODUCTION
MEIOSIS
B.H.CE.3 In high school biology, Mendel’s laws of inheritance (introduced in grade 8) are interwoven with current knowledge
of DNA and chromosome structure and function to build toward basic knowledge of modern genetics. Sorting and
recombination of genes in sexual reproduction and meiosis specifically result in a variance in traits of the offspring of any two
parents and explicitly connect the knowledge to evolution.

B.E.CE.5 Different phenotypes result from new combinations of existing genes or from mutations of genes in reproductive
cells. At the high school level, the expectation is to combine grade-8 knowledge with explanation of the internal structure and
function of chromosomes. Natural selection works on the phenotype.

B.C.CE.1 Building on knowledge from middle school (cell theory), this topic focuses on the cell as a system itself (singlecelled organism) and as part of larger systems (multicellular organism), sometimes as part of a multicellular organism, always
as part of an ecosystem. The cell is a system that conducts a variety of functions associated with life. Details of cellular
processes such as photosynthesis, chemosynthesis, cellular respiration, cell division and differentiation are studied at this
grade level. Additionally, cellular organelles studied are cytoskeleton, Golgi complex and endoplasmic reticulum.

B.E.CE.6.2 The genetic variability of offspring due to mutation and recombination of genes;
B.E.CE.2 Biological evolution explains the natural origins for the diversity of life. Emphasis shifts from thinking in terms of
selection of individuals with a particular trait to changing proportions of a trait in populations. The study of evolution must
include Modern Synthesis, the unification of genetics and evolution and historical perspectives of evolutionary theory. The
study of evolution must include gene flow, mutation, speciation, natural selection, genetic drift, sexual selection and Hardy
Weinberg’s law.

SEXUAL AND ASEXUAL REPRODUCTION
B.H.CE.1 Building on knowledge from elementary school (plants and animals have life cycles and offspring resemble their
parents) and knowledge from middle school (reproduction, Mendelian Genetics, inherited traits and diversity of species), this
topic focuses on the explanation of genetic patterns of inheritance. In middle school, students learn that living things are a
result of one or two parents, and traits are passed on to the next generation through both asexual and sexual reproduction.
In addition, they learn that traits are defined by instructions encoded in many discrete genes and that a gene may come in
more than one form called alleles.

B.H.CE.3 In high school biology, Mendel’s laws of inheritance (introduced in grade 8) are interwoven with current knowledge
of DNA and chromosome structure and function to build toward basic knowledge of modern genetics. Sorting and
recombination of genes in sexual reproduction and meiosis specifically result in a variance in traits of the offspring of any two
parents and explicitly connect the knowledge to evolution.

B.E.CE.2 Biological evolution explains the natural origins for the diversity of life. Emphasis shifts from thinking in terms of
selection of individuals with a particular trait to changing proportions of a trait in populations. The study of evolution must
include Modern Synthesis, the unification of genetics and evolution and historical perspectives of evolutionary theory. The
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study of evolution must include gene flow, mutation, speciation, natural selection, genetic drift, sexual selection and Hardy
Weinberg’s law.

B.E.CE.5 Different phenotypes result from new combinations of existing genes or from mutations of genes in reproductive
cells. At the high school level, the expectation is to combine grade-8 knowledge with explanation of the internal structure and
function of chromosomes. Natural selection works on the phenotype.

B.E.CE.6.2 The genetic variability of offspring due to mutation and recombination of genes;

11. EVOLUTION
MULTIPLE LINES OF EVIDENCE
B.E.CE.1 At the elementary school level, evolution concepts include the relationship between organisms and the
environment, parent and offspring, and an introduction to the fossil record and extinction. At the middle school level, concepts
include biodiversity (as part of biomes) and speciation, further exploration of the fossil record and Earth history, changing
environmental conditions (abiotic factors), natural selection and biological evolution.

B.E.CE.2 Biological evolution explains the natural origins for the diversity of life. Emphasis shifts from thinking in terms of
selection of individuals with a particular trait to changing proportions of a trait in populations. The study of evolution must
include Modern Synthesis, the unification of genetics and evolution and historical perspectives of evolutionary theory. The
study of evolution must include gene flow, mutation, speciation, natural selection, genetic drift, sexual selection and Hardy
Weinberg’s law.

B.E.CE.4 Modern ideas about evolution provide a natural explanation for the diversity of life on Earth as represented in the
fossil record, in the similarities of existing species and in modern molecular evidence. From a long-term perspective,
evolution is the descent with modification of different lineages from common ancestors.

B.E.CE.8 Recent molecular-sequence sequence data generally, but not always, support earlier hypotheses regarding
lineages of organisms based upon morphological comparisons.

B.DI.CE.3 Classification systems are frameworks developed by scientists for describing the diversity of organisms, indicating
the degree of relatedness between organisms. Recent molecular-sequence data generally support earlier hypotheses
regarding lineages of organisms based upon morphological comparisons. Both morphological comparisons and molecular
evidence must be used to describe biodiversity (cladograms can be used to address this).

THE FOSSIL RECORD
B.E.CE.1 At the elementary school level, evolution concepts include the relationship between organisms and the
environment, parent and offspring, and an introduction to the fossil record and extinction. At the middle school level, concepts
include biodiversity (as part of biomes) and speciation, further exploration of the fossil record and Earth history, changing
environmental conditions (abiotic factors), natural selection and biological evolution.

B.E.CE.2 Biological evolution explains the natural origins for the diversity of life. Emphasis shifts from thinking in terms of
selection of individuals with a particular trait to changing proportions of a trait in populations. The study of evolution must
include Modern Synthesis, the unification of genetics and evolution and historical perspectives of evolutionary theory. The
study of evolution must include gene flow, mutation, speciation, natural selection, genetic drift, sexual selection and Hardy
Weinberg’s law.

B.E.CE.4 Modern ideas about evolution provide a natural explanation for the diversity of life on Earth as represented in the
fossil record, in the similarities of existing species and in modern molecular evidence. From a long-term perspective,
evolution is the descent with modification of different lineages from common ancestors.

B.C.CE.2 From about 4 billion years ago to about 2 billion years ago, only simple, single-celled microorganisms are found in
the fossil record. Once cells with nuclei developed about a billion years ago, increasingly complex multicellular organisms
evolved.

B.E.CE.3 The basic concept of biological evolution is that the Earth’s present-day species descended from earlier, common
ancestral species. At the high school level, the term natural selection is used to describe the process by which traits become
more or less common in a population due to consistent environmental effects upon the survival or reproduction of the
individual with the trait. Mathematical reasoning must be applied to solve problems, (e.g., use Hardy Weinberg’s law to
explain gene frequency patterns in a population).

12. MECHANISMS OF EVOLUTION
NATURAL SELECTION
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B.E.CE.1 At the elementary school level, evolution concepts include the relationship between organisms and the
environment, parent and offspring, and an introduction to the fossil record and extinction. At the middle school level, concepts
include biodiversity (as part of biomes) and speciation, further exploration of the fossil record and Earth history, changing
environmental conditions (abiotic factors), natural selection and biological evolution.

B.E.CE.2 Biological evolution explains the natural origins for the diversity of life. Emphasis shifts from thinking in terms of
selection of individuals with a particular trait to changing proportions of a trait in populations. The study of evolution must
include Modern Synthesis, the unification of genetics and evolution and historical perspectives of evolutionary theory. The
study of evolution must include gene flow, mutation, speciation, natural selection, genetic drift, sexual selection and Hardy
Weinberg’s law.

B.E.CE.3 The basic concept of biological evolution is that the Earth’s present-day species descended from earlier, common
ancestral species. At the high school level, the term natural selection is used to describe the process by which traits become
more or less common in a population due to consistent environmental effects upon the survival or reproduction of the
individual with the trait. Mathematical reasoning must be applied to solve problems, (e.g., use Hardy Weinberg’s law to
explain gene frequency patterns in a population).

B.E.CE.6.1 The potential for a population to increase its numbers;
B.H.CE.3 In high school biology, Mendel’s laws of inheritance (introduced in grade 8) are interwoven with current knowledge
of DNA and chromosome structure and function to build toward basic knowledge of modern genetics. Sorting and
recombination of genes in sexual reproduction and meiosis specifically result in a variance in traits of the offspring of any two
parents and explicitly connect the knowledge to evolution.

B.H.CE.2.3 An altered gene may be passed on to every cell that develops from it. The resulting features may help, harm or
have little or no effect on the offspring’s success in its environments.

B.E.CE.5 Different phenotypes result from new combinations of existing genes or from mutations of genes in reproductive
cells. At the high school level, the expectation is to combine grade-8 knowledge with explanation of the internal structure and
function of chromosomes. Natural selection works on the phenotype.

B.E.CE.9 Heritable characteristics influence how likely an organism is to survive and reproduce in a particular environment.
When an environment changes, the survival value of inherited characteristics may change. This may or may not cause a
change in species that inhabit the environment. Formulate and revise explanations for gene flow and sexual selection based
on real-world problems.

B.E.CE.6.2 The genetic variability of offspring due to mutation and recombination of genes;
B.E.CE.6.3 A finite supply of the resources required for life; and
B.E.CE.6.4 The differential survival and reproduction of individuals with the specific phenotype.
EVOLUTION OF SPECIES
B.E.CE.1 At the elementary school level, evolution concepts include the relationship between organisms and the
environment, parent and offspring, and an introduction to the fossil record and extinction. At the middle school level, concepts
include biodiversity (as part of biomes) and speciation, further exploration of the fossil record and Earth history, changing
environmental conditions (abiotic factors), natural selection and biological evolution.

B.E.CE.2 Biological evolution explains the natural origins for the diversity of life. Emphasis shifts from thinking in terms of
selection of individuals with a particular trait to changing proportions of a trait in populations. The study of evolution must
include Modern Synthesis, the unification of genetics and evolution and historical perspectives of evolutionary theory. The
study of evolution must include gene flow, mutation, speciation, natural selection, genetic drift, sexual selection and Hardy
Weinberg’s law.

B.E.CE.4 Modern ideas about evolution provide a natural explanation for the diversity of life on Earth as represented in the
fossil record, in the similarities of existing species and in modern molecular evidence. From a long-term perspective,
evolution is the descent with modification of different lineages from common ancestors.

B.E.CE.9 Heritable characteristics influence how likely an organism is to survive and reproduce in a particular environment.
When an environment changes, the survival value of inherited characteristics may change. This may or may not cause a
change in species that inhabit the environment. Formulate and revise explanations for gene flow and sexual selection based
on real-world problems.

B.E.CE.3 The basic concept of biological evolution is that the Earth’s present-day species descended from earlier, common
ancestral species. At the high school level, the term natural selection is used to describe the process by which traits become
more or less common in a population due to consistent environmental effects upon the survival or reproduction of the
individual with the trait. Mathematical reasoning must be applied to solve problems, (e.g., use Hardy Weinberg’s law to
explain gene frequency patterns in a population).
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13. CLASSIFICATION
TAXONOMY
B.DI.CE.3 Classification systems are frameworks developed by scientists for describing the diversity of organisms, indicating
the degree of relatedness between organisms. Recent molecular-sequence data generally support earlier hypotheses
regarding lineages of organisms based upon morphological comparisons. Both morphological comparisons and molecular
evidence must be used to describe biodiversity (cladograms can be used to address this).

B.DI.CE.1 Building on knowledge from elementary school (interactions of organisms within their environment and the law of
conservation of matter and energy, food webs) and from middle school (flow of energy through organisms, biomes and
biogeochemical cycles), this topic focuses on the study of diversity and similarity at the molecular level of organisms.
Additionally the effects of physical/chemical constraints on all biological relationships and systems are investigated.

B.E.CE.8 Recent molecular-sequence sequence data generally, but not always, support earlier hypotheses regarding
lineages of organisms based upon morphological comparisons.

THE SIX KINGDOMS
B.DI.CE.3 Classification systems are frameworks developed by scientists for describing the diversity of organisms, indicating
the degree of relatedness between organisms. Recent molecular-sequence data generally support earlier hypotheses
regarding lineages of organisms based upon morphological comparisons. Both morphological comparisons and molecular
evidence must be used to describe biodiversity (cladograms can be used to address this).

B.DI.CE.1 Building on knowledge from elementary school (interactions of organisms within their environment and the law of
conservation of matter and energy, food webs) and from middle school (flow of energy through organisms, biomes and
biogeochemical cycles), this topic focuses on the study of diversity and similarity at the molecular level of organisms.
Additionally the effects of physical/chemical constraints on all biological relationships and systems are investigated.

B.E.CE.4 Modern ideas about evolution provide a natural explanation for the diversity of life on Earth as represented in the
fossil record, in the similarities of existing species and in modern molecular evidence. From a long-term perspective,
evolution is the descent with modification of different lineages from common ancestors.

B.DI.CE.2 The great diversity of organisms and ecological niches they occupy result from more than 3.5 billion years of
evolution. Some ecosystems can be reasonably persistent over hundreds or thousands of years. Like many complex
systems, ecosystems tend to have cyclic fluctuations around a state of rough equilibrium. In the long run, however,
ecosystems always change as geological or biological conditions vary. Misconceptions about population growth capacity,
interspecies and intra-species competition for resources, and what occurs when a species immigrates to or emigrates from
ecosystems are included in this topic. Technology must be used to access real-time/authentic data to study population
changes and growth in specific locations.

14. HOMEOSTASIS
HOMEOSTASIS AND DYNAMIC EQUILIBRIUM
B.DI.CE.1 Building on knowledge from elementary school (interactions of organisms within their environment and the law of
conservation of matter and energy, food webs) and from middle school (flow of energy through organisms, biomes and
biogeochemical cycles), this topic focuses on the study of diversity and similarity at the molecular level of organisms.
Additionally the effects of physical/chemical constraints on all biological relationships and systems are investigated.

FEEDBACK MECHANISMS IN ANIMALS
B.DI.CE.1 Building on knowledge from elementary school (interactions of organisms within their environment and the law of
conservation of matter and energy, food webs) and from middle school (flow of energy through organisms, biomes and
biogeochemical cycles), this topic focuses on the study of diversity and similarity at the molecular level of organisms.
Additionally the effects of physical/chemical constraints on all biological relationships and systems are investigated.

15. MATTER AND ENERGY
FOOD CHAINS AND WEBS
B.DI.CE.1 Building on knowledge from elementary school (interactions of organisms within their environment and the law of
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conservation of matter and energy, food webs) and from middle school (flow of energy through organisms, biomes and
biogeochemical cycles), this topic focuses on the study of diversity and similarity at the molecular level of organisms.
Additionally the effects of physical/chemical constraints on all biological relationships and systems are investigated.

B.DI.CE.4 Organisms transform energy (flow of energy) and matter (cycles of matter) as they survive and reproduce. The
cycling of matter and flow of energy occurs at all levels of biological organization, from molecules to ecosystems. At the high
school level, the concept of energy flow as unidirectional in ecosystems is explored.

PYRAMIDS OF ENERGY, NUMBERS, AND BIOMASS
B.DI.CE.1 Building on knowledge from elementary school (interactions of organisms within their environment and the law of
conservation of matter and energy, food webs) and from middle school (flow of energy through organisms, biomes and
biogeochemical cycles), this topic focuses on the study of diversity and similarity at the molecular level of organisms.
Additionally the effects of physical/chemical constraints on all biological relationships and systems are investigated.

B.DI.CE.4 Organisms transform energy (flow of energy) and matter (cycles of matter) as they survive and reproduce. The
cycling of matter and flow of energy occurs at all levels of biological organization, from molecules to ecosystems. At the high
school level, the concept of energy flow as unidirectional in ecosystems is explored.

16. CYCLES IN NATURE
THE CARBON CYCLE
B.DI.CE.1 Building on knowledge from elementary school (interactions of organisms within their environment and the law of
conservation of matter and energy, food webs) and from middle school (flow of energy through organisms, biomes and
biogeochemical cycles), this topic focuses on the study of diversity and similarity at the molecular level of organisms.
Additionally the effects of physical/chemical constraints on all biological relationships and systems are investigated.

B.DI.CE.4 Organisms transform energy (flow of energy) and matter (cycles of matter) as they survive and reproduce. The
cycling of matter and flow of energy occurs at all levels of biological organization, from molecules to ecosystems. At the high
school level, the concept of energy flow as unidirectional in ecosystems is explored.

THE NITROGEN AND PHOSPHORUS CYCLES
B.DI.CE.1 Building on knowledge from elementary school (interactions of organisms within their environment and the law of
conservation of matter and energy, food webs) and from middle school (flow of energy through organisms, biomes and
biogeochemical cycles), this topic focuses on the study of diversity and similarity at the molecular level of organisms.
Additionally the effects of physical/chemical constraints on all biological relationships and systems are investigated.

B.DI.CE.4 Organisms transform energy (flow of energy) and matter (cycles of matter) as they survive and reproduce. The
cycling of matter and flow of energy occurs at all levels of biological organization, from molecules to ecosystems. At the high
school level, the concept of energy flow as unidirectional in ecosystems is explored.

17. ECOLOGY OF SUCCESSION
SUCCESSION IN COMMUNITIES
B.DI.CE.2 The great diversity of organisms and ecological niches they occupy result from more than 3.5 billion years of
evolution. Some ecosystems can be reasonably persistent over hundreds or thousands of years. Like many complex
systems, ecosystems tend to have cyclic fluctuations around a state of rough equilibrium. In the long run, however,
ecosystems always change as geological or biological conditions vary. Misconceptions about population growth capacity,
interspecies and intra-species competition for resources, and what occurs when a species immigrates to or emigrates from
ecosystems are included in this topic. Technology must be used to access real-time/authentic data to study population
changes and growth in specific locations.

B.DI.CE.1 Building on knowledge from elementary school (interactions of organisms within their environment and the law of
conservation of matter and energy, food webs) and from middle school (flow of energy through organisms, biomes and
biogeochemical cycles), this topic focuses on the study of diversity and similarity at the molecular level of organisms.
Additionally the effects of physical/chemical constraints on all biological relationships and systems are investigated.

NATURAL IMPACTS ON ECOSYSTEMS
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B.DI.CE.1 Building on knowledge from elementary school (interactions of organisms within their environment and the law of
conservation of matter and energy, food webs) and from middle school (flow of energy through organisms, biomes and
biogeochemical cycles), this topic focuses on the study of diversity and similarity at the molecular level of organisms.
Additionally the effects of physical/chemical constraints on all biological relationships and systems are investigated.

B.DI.CE.2 The great diversity of organisms and ecological niches they occupy result from more than 3.5 billion years of
evolution. Some ecosystems can be reasonably persistent over hundreds or thousands of years. Like many complex
systems, ecosystems tend to have cyclic fluctuations around a state of rough equilibrium. In the long run, however,
ecosystems always change as geological or biological conditions vary. Misconceptions about population growth capacity,
interspecies and intra-species competition for resources, and what occurs when a species immigrates to or emigrates from
ecosystems are included in this topic. Technology must be used to access real-time/authentic data to study population
changes and growth in specific locations.
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