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BIOLOGY CURRICULUM 

 
Unit 1: Biochemistry 

 
OVERVIEW 

  
Summary 

Students will be introduced to the characteristics of all living things. They will review levels of organization,                 
from atom to molecule to cell. They will identify characteristics of the four major macromolecules- lipids,                
carbohydrates, proteins, and nucleic acids. They will look at how certain elements are recycled between               
macromolecules, while reviewing the concept of conservation of matter. 

 
Content to Be Learned 

● Characteristics of living things. 
● Introduction to structure of macromolecules (carbohydrates, lipids, amino acids, nucleic acids). 
● Flow of elements from one macromolecule to another. 
● Conservation of matter in biological systems. 

 
  ​Practices 

● Constructing and revise an explanation based on valid and reliable evidence. 
 
Crosscutting Concepts 

● Energy and matter flow into, out of, and within a system. 
 
Essential Questions 

● How is the food you eat chemically recombined to create the molecules  needed to sustain life? 
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Next Generation Science Standards 
 

 

 

 
Unit 2: Physiology 

 
OVERVIEW 

 
Summary 

Students will extend the levels of organization learned in the previous unit to include up to the organism 
level.  They will review the functions of all physiological systems.  They will use the frog dissection to 
illustrate that systems are made up of numerous parts.  Students will demonstrate that systems work together 
to perform a function, for example, they may use the EKG sensors to demonstrate the connection between 
the circulatory and nervous systems.  They will show that the processes that occur during digestion allow 
molecules to be broken down and recombined to create essential molecules. Students will understand how 
the functioning of the systems help the body to maintain homeostasis. 
 
Content to Be Learned 

● Introduce levels of organization (organelles, cells, tissues, organs, systems). 
● Systems are made up of numerous parts. 
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● Systems work together with other systems to perform a function.  
● Carbon, hydrogen and oxygen from sugar molecules combine with other elements to form amino acids 

and other carbon-based molecules. 
● In systems, molecules are either broken down into their atomic components or rebuilt into new 

molecules.  
 
Practices 

● Develop and use models. 
● Constructing explanations and designing solutions. 

 
Crosscutting Concepts 

● System and system models. 
● Energy and matter flow. 

 
Essential Questions 

 
● Using specific examples, how do the systems of the body work together to perform specific functions? 
● How do the systems of the body help to maintain homeostasis? 
● What factors cause a body to leave homeostasis and how does the body return itself back to 

homeostasis? 
● How do specific systems of the body break down, transport and rebuild essential molecules? 

 
  ​Next Generation Science Standards 
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Unit 3:  Cell Structures 
 

OVERVIEW 
  

Summary 
Students will learn that multicellular organisms consist of systems of specialized cells with specific 
functions.  They will identify and compare cellular structures in a prokaryote and a eukaryote.  They will 
diagram and describe the structure of a cell membrane and explain how it creates limits to cell size, due to 
constraints related to the process of diffusion.  At the subcellular level, students will focus on the structure 
and function of ribosomes, chloroplasts and mitochondria and the role that each plays in the functioning of 
the overall cell.  Finally students will used models to illustrate the processes of photosynthesis and cellular 
respiration, including both the inputs and outputs of each.  

 
Content to Be Learned 

● The structure of DNA determines structures of proteins which carry out essential functions. 
● Systems of specialized cells help perform essential functions of life.  
● Prokaryote and eukaryote comparison and analysis. 
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● Structure of cell membrane. 
● Cell size limits and diffusion. 
● Ribosomes are the site of protein synthesis. 
● Photosynthesis transforms light energy into stored chemical energy. 
● The role of chloroplast in making sugars.  
● The chemical equation of photosynthesis including inputs and outputs. 
● The relationship between light, sugar, and ATP. 
● Relationship between chloroplasts and mitochondria. 
● Cellular respiration is a process in which bonds of food molecules and oxygen molecules are broken 

and reformed into new compounds, resulting in a transfer of energy. 
● Role of mitochondria in making ATP. 
● Chemical equation of cellular respiration including inputs and outputs. 

 
  ​Practices 

● Develop and use models to show the hierarchical organization of interacting systems. 
● Construct an explanation based on evidence for how the structure of DNA creates the structure of 

proteins. 
● Use a model to illustrate photosynthesis and cellular respiration. 

 
Crosscutting Concepts 

● Structure and function. 
● Systems and system models. 
● Energy and matter flow. 

 
Essential Questions 

● How does the structure of the cell membrane, and the need for cells to use diffusion to move molecules 
in and out of the cell, create constraints on the size of a cell? 

● How is energy transferred from light to sugar to ATP, using chloroplasts and mitochondria? 
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Next Generation Science Standards 
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Unit 4: Cell Processes 

 
OVERVIEW 

 
 

Summary 
Students will learn about the molecule Adenosine Triphosphate and its role in providing cellular energy for                
all processes, focusing on specific examples in the human body. They will also learn about the structure of                  
DNA and how that structure allows the molecule to be self-replicating. They will compare the structures of                 
DNA with RNA and create models of the process of protein synthesis. They will then explore the various                  
uses of proteins in a cell and the body, and create an investigation to identify factors that influence protein                   
function. Students will outline the processes of mitosis, meiosis and fertilization. They will explain the role                
of cell differentiation in creating various cell types. Finally, they will compare the different sources of                
genetic changes that lead to variation among individuals of a species. 

 

8 



 

Content to Be Learned 
● Cellular respiration is a process in which bonds of food molecules and oxygen molecules are broken 

and reformed into new compounds, resulting in a transfer of energy. 
● Reinforce concept of ATP in cellular processes. 
● Use of ATP in muscle contraction. 
● Use of ATP in regulating body temperature. 
● Proteins carry out essential functions, including membrane proteins, enzymes, antibodies, muscle 

fibers, hemoglobin, etc. 
● Proteins carry out most of the work of cells.  
● Illustrate the role of cell division and differentiation in producing organisms. 
● Process of mitosis.  
● Process of meiosis.  
● Process of fertilization. 
● Differentiation of cells. 
● Inheritable genetic variations may result from recombination during meiosis (crossing over), viable 

errors during replications, or mutations caused by environmental factors. 
 
  ​Practices 

● Use a model to illustrate the role of cellular division and differentiation in producing and 
maintaining complex organisms. 

● Use a model to illustrate cellular respiration. 
● Construct an explanation for how proteins carry out essential functions. 

 
Crosscutting Concepts 

● Structure and function. 
● Systems and system models. 
● Energy and matter flow. 
● Cause and effect. 

 
Essential Questions 

● Using specific examples, how is ATP is used to help maintain homeostasis in living systems? 
● How do various environmental factors influence the effectiveness of protein function? 
● Why are both mitosis and meiosis necessary in creating and sustaining a complex organism?  What is 

the role of differentiation in creating a complex organism? 
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Next Generation Science Standards 
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Unit 5: Genetics 
 

OVERVIEW 
 

 
Summary 

Students will learn about the processes of DNA replication and protein synthesis and will understand that the                 
instructions for making a protein are found in segments of DNA called genes. They will use specific                 
examples to show differential gene expression is an important feature of a multicellular complex organism.               
They will look at examples of genes that code for non-protein characteristics. Finally, the students will                
identify sources of genetic variation, including events of meiosis, errors during replication and mutations              
caused by environmental factors, and they will be able to explain how each contributes to an organism’s                 
unique variation of traits. 
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Content to Be Learned 
● Structure of DNA determines structures of proteins (DNA -> RNA -> Protein). 
● DNA is chunked into segments called genes, which carries instructions for formation of proteins. 
● DNA replication. 
● Protein synthesis;  transcription and translation. 
● DNA and chromosomes code for the instructions for characteristic traits passed from parents to 

offspring. 
● Each chromosome consists of a single DNA molecule, genes are on particular segments of that DNA. 
● All cells have the same DNA but different cells express different genes.  
● Not all DNA codes for proteins. 
● Some segments of DNA are involved in regulatory or structural functions.  
● Inheritable genetic variations may result from recombination during meiosis (review crossing over), 

viable errors during replications, or mutations caused by environmental factors. 
 
  ​Practices 

● Ask questions to clarify relationships about the role of DNA and chromosomes in coding the 
instructions for traits inherited from parent to offspring. 

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

● Make and defend a claim based on evidence that inheritable genetic variations may result from 1) 
sexual recombination, 2) errors during replication, or 3) mutations from environmental factors. 

 
  ​Crosscutting Concepts 

● Cause and effect. 
● Structure and function. 

 
Essential Questions 

● How does the structure of DNA determine the structure of proteins? 
● How does the structural organization of the chromosome allow for the expression of traits in an 

organism? 
● How do each of the three methods in which genetic variation is created contribute to the variety of 

characteristics that exist in each species? 
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Next Generation Science Standards 
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Unit 6: Evolution 

 
OVERVIEW 

 
 

Summary 
Students will apply their knowledge of the sources of genetic variation to distribution of traits in a                 
population. They will be able to explain the role of genetic variation in the process of natural selection, and                   
how the gene frequency of an advantageous variation of a trait will increase over time in a population. They                   
will explore the process of natural selection and will construct explanations based on evidence for how                
natural selection leads to adaptations in populations. They will review evidence from multiple scientific              
disciplines to then explain the process of evolution. Finally, they will look at reasons why some populations                 
are more successful at survival and why some species have gone extinct.  
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Content to Be Learned 
● Variation of expressed traits in a population. 
● Distribution of expressed traits in a population. 
● Environmental factors affect the expression of traits and probability of occurrence of those traits.  
● Common ancestry and biological evolution are supported by empirical evidence. 
● Genetic information, like the fossil record provides evidence for evolution. 
● DNA sequences vary among species but there are many overlaps that show lines of descent.  
● Information is derived from similarities and differences in amino acid sequences, anatomical and 

embryological evidence.  
● The process of evolution which results from natural selection.  
● Natural selection occurs only if there is both variation in genetic information between organisms, and 

that variation leads to differences in performance. 
● Evolution is the consequence of the interaction of 4 factors: potential for a species to increase in 

number, the genetic variation of individuals (due to mutation and sexual reproduction), competition for 
limited resources, and those organisms which are better fit for survival create more offspring.  

● Organisms with an advantageous trait increase in a population compared to organisms that lack that 
trait. 

● The traits that positively affect survival are more likely to be reproduced and are more common in a 
population.  

● Natural selection leads to adaptation.  
● Adaptations also means that the distribution of traits in a population can change when conditions 

change.  
● Specific biotic and abiotic differences in ecosystems contribute to a change in gene frequency over 

time (eg- ranges of seasonal temperature, long term climate change, acidity, light, geographic barriers, 
or evolution of other organisms.  

● Changes in environmental conditions (human or natural) may result in increases in the number of 
individuals of some species, the emergence of new species over time, and the extinction of other 
species. 

● Species become extinct because they can no longer survive and reproduce in their new environment. 
 
  ​Practices 

● Communicate scientific information that common ancestry and biological evolution are supported 
by multiple types of empirical evidence.  

● Construct and explanation based on evidence that the process of evolution results from four main 
factors. 

● Evaluate the evidence supporting claims that changes in environmental conditions may result in 
increases in some species, development of new species, or reduction or possible extinction of 
species. 

● Apply concepts of statistics and probability to explain the variation and distribution of expressed 
traits in a population. 

● Construct an explanation based on evidence for how natural selection leads to adaptation of 
populations. 

● Apply concepts of statistics and probability to support explanations that organisms with an 
advantageous heritable trait tend to increase in proportion to organisms lacking this trait. 
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Crosscutting Concepts 
● Patterns. 
● Cause and effect. 
● Scale, proportion, and quantity. 

 
Essential Questions 

● How is the process of evolution responsible for life’s unity and diversity? 
● Using specific examples, how does the environment (both biotic and abiotic) influence the gene 

frequencies of a trait over time? 
● Why do some species go extinct while others survive? 
● How does evidence from various disciplines support the scientific theory of evolution? 

 
 
Next Generation Science Standards 
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Unit 7: Ecology 

 
OVERVIEW 

 
 

Summary 
Students will create models of the cycling of carbon in an ecosystem. They will review the two main                  
processes in this cycle, photosynthesis and cellular respiration, and how they contribute to the movement of                
carbon between the abiotic and biotic components of the ecosystem. They will contrast the concept of matter                 
cycling in an ecosystem with the concept of energy flow and will use mathematical concepts to support each                  
concept. They will do this for both aerobic and anaerobic conditions. They will evaluate evidence that                
complex interactions in ecosystems are capable of maintaining stable numbers and types of organisms, but               
changing conditions may result in new ecosystems. They will use mathematical representations to explain              
factors that influence carrying capacity and biodiversity at different scales. The students will create or revise                
a test a solution to mitigate the adverse effects of human impact on the environment and biodiversity. Finally,                  
students will evaluate evidence for the role of group behavior on individual and species’ chances to survive                 
and reproduce.  

 
Content to Be Learned 

● Photosynthesis transforms light energy into stored chemical energy. 
● Cycling of matter from biotic to abiotic. 
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● Carbon cycle, including inputs and outputs.  
● Photosynthesis and cellular respiration are essential components of the carbon cycle.  
● Carbon cycle in aerobic and anaerobic conditions.  
● Ecosystems have carrying capacities.  
● Interdependent relationships in ecosystems.  
● Ecosystems have a dynamic equilibrium.  
● Matter cycles and energy flows in an ecosystem. 
● Flow of energy through a food web.  
● Interactions among organisms remain stable in stable conditions but change when new condition is 

introduced. 
● Succession. 
● Effects of human impact on biodiversity. 
● Ecosystem dynamics, as impacted by human activity.  
● Biodiversity.  
● Group behaviors impact  on individual and species chance of survival. 

 
Practices 

● Developing and using models. 
● Use mathematics and computational thinking. 
● Engaging in argument from evidence. 
● Constructing explanations and designing solutions. 

 
Crosscutting Concepts 

● Energy and matter. 
● System and system models. 
● Stability and change. 
● Cause and effect. 
● Scale, proportion, and quantity. 

 
Essential Questions 

● Why is matter capable of being cycled in an ecosystem, while energy has a one-directional flow? 
● What roles do photosynthesis and cellular respiration play in the carbon cycle? 
● Using specific examples, how do organisms interact in the environment and how do they respond when 

conditions change? 
● How do changes in the carrying capacity of one species impact other species in the ecosystem? 
● What are some of the impacts of human activity on the environment and what are possible solutions 

that would lessen this impact? 
● How does group behavior of a population influence the survival rates of the individual and species? 
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Next Generation Science Standards 
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