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The Biology Compendium



 
 

What are the building blocks of life?

In order to ground understanding of biological processes, it is necessary to be 
familiar with key chemical components, behaviors, and characteristics. Before 
students grasp structural concepts of proteins and lipids, they must understand key 
features of chemical bonding and the properties of water.
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1  I can describe the particles that  
compose an atom and relate these  
particles to types of chemical bonding 
such as covalent, ionic, and hydrogen 
and describe Van der Waals forces.

2  I can identify patterns in the elements 
that compose each macromolecule and 
the arrangement of monomer units in 
carbohydrates, proteins, nucleic acids, 
and lipids. (1)

3  I can conduct several short  
investigations to predict the unique prop-
erties of water. (5a)

4  I can build a model of a water  
molecule that illustrates hydrogen  
bonding.  (5a)

5  I can use that model to illustrate how 
water molecules interact with each other 
and with other polar and nonpolar  
molecules, based on oppositely charged 
parts of the molecule. (5a)

6  I can design and conduct an  
experiment, including  controls and  
variables, that provides data regarding  
a property of water. (5a)

7  I can communicate the results of my 
investigation in one or more modes. (5a)

8  I can use standard experimental tests 
to predict the macromolecular content of 
a given substance. (1)

9  Given a model, schematic, or diagram, 
I can differentiate macromolecules 
based on common characteristics. (1)

10  I can build a model of a carbohydrate 
and describe its role in biological  
processes, such as photosynthesis and 
cellular respiration. (1)

11  I can build a model of a lipid and 
describe its role in biological processes, 
such as cell membrane function and 
energy storage.(1)

12  I can build a model of a nucleic acid 
and describe its role in biological  
processes, such as transmission of  
hereditary information. (1)

13  I can build a model of a protein and 
describe its role in biological processes, 
such as enzyme function or structural 
functionality. (1)

14  I can compare and contrast the 
structure of each macromolecule and 
can predict the function of each from its 
structure. (1) 

15  I can draw conclusions from  
evidence of matter cycling through living 
and nonliving components of an  
ecosystem. (8)

16  I can describe the term  
biogeochemical by breaking it into its 
root, prefix, and suffix. (8)



 
 

What are living things made of?
Cells are the basic unit of living things. Biology students develop mental constructs of cellu-
lar structures and functions. Students draw conclusions about the essential components of 
cells and cell organelles to explain a variety of cellular functions in unicellular and multi-
cellular organisms. Students investigate cellular structures using microscopes, models, 
and diagrams. Within this content progression, students build a richer conceptual under-
standing of cell processes such as signaling, cell life cycles, and reproduction. 

17  I can describe the cell theory and  
discuss the historical context of its  
develoment. (2)

18  I can distinguish biotic components 
from abiotic materials, using the scientifical-
ly accepted characteristics of living things. (2)

19  I can classify cells (prokaryotes and 
eukaryotes) based on the observation of 
internal structures and the complexity of the 
cell and can use those classifications to  
annotate a diagram of prokaryotic and  
eukaryotic cells. (2)

20  I can distinguish between common 
cellular organelles based on structure and 
function. (2)

21  I can classify cells after observing the 
presence or absence of organelles and I can 
draw conclusions about the function of the 
cell based on the abundance of organelles. (2)

22  I can compare and contrast different 
types of cells (plant, animal, bacterial, fun-
gal, etc.) found in a variety of organisms. (2)

23  I can predict the role of an unfamiliar 
cell based on my knowledge of cellular  
components and their functions. (2)

24  Using knowledge of cell parts, I can 
design a cell that performs a specific  
function and can communicate the features 
of my designed cell. (2)

25  I can build a model of a phospholipid 
and compare the chemical characteristics of 
the two distinct parts of the molecule. (1)

26  I can build a model of a cell membrane 
and use the model to demonstrate how  
materials move across the membrane. (2, 5)

27  I can distinguish between solution types 
based on solute concentration (hypo-, hyper-, 
isotonic solutions). (5)

28  I can investigate how materials move 
across membranes and categorize the  
movements as active or passive transport. (5)

29  I can investigate cell membrane function 
using data collected from my investigation to 
explain a phenomenon related to movement 
across a membrane. (2, 5)

30  I can compare active and passive  
transport, provide examples of each, and 
describe the process for each. (2, 5)

31  I can relate multiple properties of water 
to impacts on cells and living systems, as well 
as the maintenance of homeostasis. (2, 5a)

32  I can describe the ways cells obtain 
information from nearby cells and the  
environment in the context of cell membrane 
composition. (2, 4)

33  I can modify a membrane model to ex-
plain the phenomenon of cell communication 
in terms of membrane composition. (2)

34  I can make calculations from a hands-
on activity and illustrate the amount of time 
spent in each phase of the cell cycle by a cell. 
(4)

35  I can use a model to describe patterns 
in typical cell growth and relate those  
patterns to the mechanisms of cell reproduc-
tion for growth, differentiation, and repair. (4)

36  I can develop a model of chromosome 
movement and can use the model to explain 
the maintenance of chromosome number 
during mitosis. (4)

37  I can use chromosome models to illus-
trate mitosis and to explain the role of mito-
sis in maintaining populations of cells. (4)

38  I can use a model to demonstrate errors 
that may occur during cell division.(4)

39  I can identify the strengths and  
limitations of a model in representing the 
cell cycle and cell differentiation. (4)

40  I can use evidence to describe the  
internal and external factors that influence 
cell cycle control mechanisms. (4)

41  I can use a model to compare multiple 
pathways to tumor formation. (4)
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How do living things get and use energy?

Energy is necessary for life processes. How living things get and use energy to power life 
processes is often challenging for introductory biology students. In focusing on  
bioenergetics, students build on chemistry and cellular concepts from previous instruction. 

42  I can distinguish the components of a 
feedback loop and identify the function of 
each. (5)

43  I can predict the characteristics nec-
essary for maintaining homeostasis and 
investigate factors that affect homeostasis in 
living organisms. (5)

44  I can develop an answerable scientific 
question and plan and carry out an investi-
gation that provides data about homeostasis. 
(5)

45  I can use evidence from my investi-
gation to explain how negative feedback 
mechanisms regulate and maintain a narrow 
range of internal conditions in living systems 
among a wide range of external conditions. 
(5)

46  I can revise my model of cell membrane 
function using evidence about active and 
passive transport and feedback loops. (5, 2)

47  I can use a model to illustrate the 
three-dimensional structure of a protein and 
relate that structure to the biological func-
tion of an enzyme. (1) 

48  I can compare the activation energy of 
an uncatalyzed reaction with an enzyme- 
mediated reaction using a diagram. (1, 6)

49  I can investigate the factors that affect 
enzyme function and use that data to draw 
conclusions about the key components of 
enzyme functionality in living systems. (1, 6)

50  I can collect and analyze data to identify 
the reactants and products of photosynthesis 
and respiration. (6)

51  I can use evidence to describe the rela-
tionship between photosynthesis and respi-
ration and illustrate that relationship. (6)

52  I can plan and carry out an investigation 
that provides data to support the premise 
that light energy is absorbed by pigments 
during photosynthesis. (6a)

53  I can formulate a scientific question 
about how energy is stored and/or released 
in living systems. (6, 6a, 8)

54  I can relate evidence from an experi-
ment to light absorption and reflection in 
photosynthetic organisms. (6a)

55  I can analyze and interpret data from ex-
periments related to photosynthesis to draw 
conclusions about the cycling of matter and 
energy. (6, 6a, 8)

56  I can build a model of AMP, ADP, and 
ATP and relate the amount of energy avail-
able to the number of phosphate bonds. (6)

57  I can collect and analyze data from 
an investigation to explain how energy is 
transferred and used in cells to power life 
processes. (6)

58  I can compare respiration strategies in 
terms of energy required and energy re-
leased. (6)

59  I can analyze and interpret data from 
experiments relating CO2 and O2 in order to 
develop a model summarizing the relation-
ship between photosynthesis and respiration. 
(6)
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How does DNA control 
traits in living things?

The traits of living things are ultimately determined by inherited sequences of DNA. In this 
content progression, students will investigate how the information encoded in DNA impacts 
the functionality of protein products formed. Explicit links between DNA sequences and 
traits of organisms are highlighted as well as more modern understandings of the complex 
nature of gene expression and regulation. This content progression also introduces  
common complex traits, those that are controlled by multiple genetic and environmental 
factors and complex interactions between those factors. 

60 I can identify the structural components 
within a model of DNA including monomer 
units and hydrogen bonds. (1) 

61 I can cite and evaluate evidence that 
supports Watson and Crick’s model of the 
double helix structure of DNA. (3a)

62  I can annotate a diagram of the Central 
Dogma of Biology to include relevant discov-
eries and their implications on the under-
standing of the Central Dogma. (3a, 3b)

63 I can use models to demonstrate how 
information encoded in DNA leaves the  
nucleus.(3)

64 I can use a model to identify patterns in 
transcription and infer the impacts of any 
errors. (3)

65 I can compare and contrast the function-
ality of multiple types of RNA and relate that 
function to protein synthesis. (3,3b)

66 I can use a model to illustrate how 
mRNA serves as a template for building a 
polypeptide chain and how other types of 
RNA are utilized in the process. (3, 3b)

67 I can use a codon chart to determine 
the sequence of amino acids (polypeptide 
chains) that will be built from a given mRNA 
sequence. (3, 3b)

68 I can use a model to explain protein 
folding in terms of the rules of chemistry and 
physics to describe how the folding of the 
protein affects its function. (1, 3)

69 I can relate the levels of protein structure 
to the final three-dimensional shape and 
functionality of the protein. (1, 3)

70  I can use data to support the concept 
that changes in DNA impact protein function 
in predictable ways. (3, 3c)

71  I can categorize types of mutations and 
use a model to show how changes in DNA 
can result in changes in protein function.  
(3, 3c)

72 Based on my understanding of the Cen-
tral Dogma of Biology, I can predict how spe-
cific changes in DNA (both large scale and 
small) will impact protein function. (3, 3c)

73 I can interpret the impacts of DNA 
changes using lab techniques such as gel 
electrophoresis, PCR, or computer-based 
resources such as NCBI. (3, 3a, 3c)

74  I can evaluate the major findings of  
research projects such as the Human 
Genome Project, ENCODE, and the 1000 
Genomes Project and modify my working 
definition of “a gene” based on the findings 
of those projects. (3b)

75  I can explain gene expression in terms of 
genes being “turned on or off” and in broad 
terms identify the factors that influence gene 
expression. (3b)

76  I can communicate the impact of mod-
ern genome research projects on our un-
derstanding of gene structure and function, 
using multiple modes. (3a, 3b)

77  I can explain common complex disease 
in terms of genetic and environmental  
interactions. (3b, 11c)

78  I can analyze multiple types of evidence 
to draw conclusions about an individual’s risk 
for common complex disease. (11c)
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How do living things 
pass traits to their offspring?
Building on a greater understanding of DNA structure and function, this content progression 
addresses the behavior of DNA before, during, and after meiosis and introduces Mendelian 
inheritance patterns. Many inheritance concepts were introduced in the study of molecular 
inheritance but are investigated in much greater detail here. 

79 I can use a model to relate key features of 
DNA (antiparallel strands, complementary  
bases, and hydrogen bonding) to the  
mechanisms of DNA replication. (1, 3b)

80 I can use a model to investigate the 
process of semi-conservative replication and 
compare the leading strand to the lagging 
strand. (3, 4)

81 From that model, I can draw conclusions 
about errors that occur during replication. (3c)

82 I can develop a model of a replicated and 
non-replicated chromosome to compare their 
structure and use scientific vocabulary to  
describe chromosome structures. (4, 12)

83 I can compare and contrast mitosis and 
meiosis in terms of chromosome number and 
number of daughter cells and in comparison to 
the precursor cell. (12)

84 I can develop a model of chromosome 
movement at multiple points during meiosis 
and use the model to determine when cells are 
haploid and diploid. (12)

85 I can identify when crossing over occurs 
and can explain the significance of crossing 
over in genetic variation. (12)

86 I can compare and contrast the genetic 
makeup of cells before meiosis, after meiosis, 
and after fertilization. (12)

87 I can evaluate meiosis models, comparing 
them to the biological process, and identify 
strengths and weaknesses of the model. (12)

88 I can use meiosis models to explain the 
phenomena seen in a simple pedigree. (12)

89 I can describe the impacts of nondisjunction 
and relate the timing of nondisjunction to chro-
mosome number in the gametes that form. (12)

90 I can use models to demonstrate a variety 
of chromosomal changes such as deletions, 
insertions, inversions, translocation, and  
nondisjunction. (3c, 12, 12a)

91 I can interpret karyotypes to identify 
chromosomal changes and related genetic 
disorders as well as describe the limitations 
of karyotyping. (12a)

92 I can differentiate genetic disorders in humans 
in terms of errors of meiosis, either large scale 
(chromosomal) or small scale (point mutations). 
(3c, 12, 11c)

93  I can summarize the investigations  
performed by Gregor Mendel and relate the 
importance of these experiments in the field of 
genetics. (11, 11b)

94  I can analyze trait data from multiple  
generations to support Mendel’s conclusions 
about inheritance. (11, 11b)

95  I can use models, diagrams, and/or text to 
connect Mendel’s laws of inheritance to the  
biological processes of meiosis. (11, 11b)

96  I can distinguish between homozygous and 
heterozygous allele pairs and relate these to  
phenotype. (11, 11b)

97  I can use a model to determine potential 
gametes from parental genotype and develop a 
Punnett square to predict inheritance outcomes. 
(11, 11b)

98 I can annotate a Punnett square, identifying 
maternal and paternal gametes, and use  
mathematics to explain the predicted outcomes. 
(11, 11a)

99 I can observe traits in offspring and use 
knowledge of inheritance patterns and Punnett 
squares to infer parental genotypes. (11, 11a)

100 I can use probability to predict the likelihood 
of specific offspring given parent traits and  
inheritance pattern. (11, 11a)

101 I can distinguish modes of inheritance by 
comparing parental and offspring traits and  
ratios. (11, 11c)

102 I can apply concepts of inheritance to ex-
plain patterns seen in pedigrees, offspring ratios, 
and trait prevalence in a population. (11, 11c)

103 I can analyze data to find inheritance 
patterns and explain those patterns in terms of 
incomplete dominance, co-dominance,  
multi-allelic, and polygenic traits. (11, 11b)

104 I can identify non-genetic factors that may 
impact expressed traits. (11c)

105 I can collect and analyze data on traits 
within a population to identify patterns within 
expressed traits in a population. (11)

 106 I can mathematically calculate the  
probability of expressed traits of offspring, given 
parental traits and an understanding of  
inheritance patterns. (11) 55        



How have living things changed over time?
DNA sequences determine both the unity and diversity found in life on planet earth. The many 
ways that variation is introduced and maintained in populations of organisms was investigated 
in previous content progressions. This content progression addresses how groups of organisms 
respond to changing environmental conditions and biological evolution. 

107  I can collect and analyze data to identify 
patterns in survival and trait frequency in a 
population of organisms. (14)

108  I can develop an argument about which 
traits in a population will confer an adaptive 
advantage while going through changing  
conditions. (14)

109  I can define variation and categorize the 
processes (mutation and sexual  
recombination) that lead to variation. (11,15)

110  I can postulate how an  
environmental change could influence  
selection, driving changes in traits in a species 
that will persist in the population. (14,15)

111 I can describe and provide illustrative 
examples of the main ideas behind natural 
selection (overproduction of offspring,  
competition for limited resources, inherited 
variation in phenotypes, and differential  
survival/reproduction). (15)

112  I can use mathematical models to test 
the concept that organisms with favorable 
adaptations are more likely to survive and 
reproduce. (11,15)

113  I can compare and contrast natural and 
artificial selection and predict how artificial se-
lection will impact the traits of an organism. (14)

114  I can analyze and interpret data to 
evaluate the impact of human intervention in 
determining the traits of agriculturally  
important plants and animals. (14)

115  I can develop a logical argument for a 
proposed mechanism of evolution, including 
necessary adaptations, mutations, and  
environmental changes. (15)

116 I can compare historical explanations for 
the diversity of life on earth to modern explana-
tions by placing both in a historical context. (15)

117 I can analyze data, including fossil  
records, to support the premise that organ-
isms have changed over time and that only a 
small fraction of the species that have previ-
ously existed currently survive on earth. (16)

118  I can identify patterns of biogeography 
that are significant to Darwin’s theory. (16)

119  I can describe homologous structures 
and explain how these structures are used as 
lines of evidence to support biological  
evolution. (16)

120  I can identify patterns in embryologic  
development among diverse organisms and 
explain how these patterns are used as lines of 
evidence to support biological evolution. (16)

121  I can describe vestigial structures and 
explain how these structures are used as lines of 
evidence to support biological evolution. (16)

122  I can interpret similarities in the genetic 
code to provide evidence of common descent  
(genetic conservation). (16)

123  I can create a cladogram of related objects 
or organisms and interpret cladograms to draw 
conclusions about the relatedness of organisms. 
(16)

124  I can evaluate a wide variety of evidence to 
explain how organisms have changed over  
geologic time. (16)

125  I can evaluate a wide variety of evidence to 
draw conclusions regarding the role of natural 
selection in the formation of new species. (14, 16)

126  I can make inferences about the diversity 
of life on earth using examples and evidence of 
co-evolution, divergent, and convergent evolution. 
(16)

127  I can organize items based on physical 
characteristics and communicate my reasoning to 
others. (13)

128 I can create a dichotomous key that will 
allow others to classify objects. (13)

129 I can use major features to classify  
unfamiliar organisms using accepted classifica-
tion schemes and can justify my classification. (13)

130 I can use binomial nomenclature and tools 
such as dichotomous keys to classify an unfamiliar 
organism and determine where it fits into  
accepted taxonomic schemes. (13)

131  I can distinguish biotic from abiotic  
materials, using the scientifically accepted  
characteristics of life. (13a)

132 I can describe viral structures and life cycles 
and compare these to the structures and life 
cycles of multicellular or unicellular organisms. 
(13a)

133  I can compare viruses to other infectious 
agents such as pathogenic bacteria and prions. 
(13a)

134  I can create a logical argument, based on 
evidence and reasoning, to support the premise 
that viruses are not living things. (13a)
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How do living things interact with 
each other and the environment?

Introductory Biology culminates in the study of how organisms interact with each other  
and the nonliving components of their environment. This content progression addresses 
ecosystem dynamics and patterns of population growth. One critical feature of this content 
progression is the opportunity provided for students to investigate and propose a solution 
for a real-world problem using their understanding of these complex ecological systems. 

135  I can categorize organisms in an  
ecosystem based on evidence of how they  
obtain energy. (8)

136  I can construct a food chain that  
differentiates between producers, primary,  
secondary, and tertiary consumers and  
integrate multiple food chains into a food web 
(model of feeding relationships). (8)

137  I can use relationships between organ-
isms to develop a food web and use my devel-
oped model to demonstrate flow of energy and 
predict the impacts of population changes. (8)

138  I can construct a pyramid of biomass, 
given population data about organisms in the 
ecosystem, and can make calculations using 
data from the pyramid. (8)

139  I can use mathematical examples, such 
as the 10% law, to explain why there is less 
energy available at each level of an energy 
pyramid. (8)

140  I can explain the phenomenon of  
biomagnification using my developed trophic 
level and pyramid models. (8)

141  I can analyze data to identify patterns in 
the cycling of carbon, nitrogen, and water in 
ecosystems. (8)

142  I can use the patterns identified in the 
cycling of carbon, nitrogen, and water to build 
models of matter cycling through ecosystems. 
(8)

143  I can predict the effect of a reduction in 
the population of nitrogen-fixing bacteria on 
the nitrogen cycle. (8)

144  I can describe the impact of various  
biotic and abiotic components on each  
ecological level and can explore the interrela-
tionships of these factors. (7,8)

145  I can use my observations to develop a 
model that illustrates ecological hierarchies 
and can compare my developed models to hier-
archies existing in nature. (7,8)

146  I can use models to investigate the role 
of different environmental factors within the 
hierarchy. (7)

147   I can develop a model depicting the 
ecological hierarchy of a novel ecosystem 
and can communicate the dynamics of the 
hierarchy. (7)

148  I can investigate biomes, using a  
variety of sources, to compare and contrast 
the characteristics of each. (7)

149  I can use evidence to classify major 
geographical regions into biomes, based on 
climate and dominant life forms. (7)

150  I can create graphs representing  
exponential, linear, and logistic growth and 
use those graphs to calculate doubling time 
for a population. (9)

151  I can use mathematical or computer 
models to investigate the factors affecting 
population growth in an ecosystem. (9)

152  I can identify patterns in the  
characteristics of population growth that 
distinguish exponential growth from linear 
growth from logistic growth. (9)

153  I can interpret a population pyramid 
graph and use the information contained to 
predict the results of a change in birth rate 
or death rate. (9)

154  I can use evidence and data to describe 
trends in human population growth. (9)

155  I can investigate factors that impact 
population growth and make predictions of 
how changing environmental conditions will 
affect population growth. (9)

156  I can use growth curves of predators 
and prey to evaluate the impact of one  
species on another. (9)

157  I can analyze data on population 
growth to identify limiting factors, both biotic 
and abiotic. (8, 10)

Continued...
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135  I can categorize organisms in 
an ecosystem based on evidence of 
how they obtain energy. (8)

136  I can construct a food chain 
that differentiates between pro-
ducers, primary, secondary, and 
tertiary consumers and integrate 
multiple food chains into a food 
web (model of feeding  
relationships). (8)

137  I can use relationships  
between organisms to develop a 
food web and use my developed 
model to demonstrate flow of 
energy and predict the impacts of 
population changes. (8)

138  I can construct a pyramid of 
biomass, given population data 
about organisms in the ecosystem, 
and can make calculations using 
data from the pyramid. (8)

139  I can use mathematical 
examples, such as the 10% law, to 
explain why there is less energy 
available at each level of an energy 
pyramid. (8)

140  I can explain the  
phenomenon of biomagnification 
using my developed trophic level 
and pyramid models. (8)

Learning Targets
How do living things interact with 
each other and the environment? 

158  I can analyze data to find patterns that 
distinguish density-dependent from density- 
independent limiting factors. (10)

159  I can use evidence and reasoning to  
define the carrying capacity of a specific  
ecosystem. (9)

160  I can distinguish between primary and 
secondary ecological succession and show that 
an ecosystem responds to such a disturbance 
in a predictable manner. (10)

161  I can use models to explain ecosystem 
recovery after disturbance. (10)

162  I can analyze historical data to find 
patterns in an ecosystem’s response to distur-
bance and use this analysis to draw conclu-
sions about how the ecosystem will respond to 
additional disturbance. (10)

163  I can categorize human activities that 
affect ecosystems and can predict the impact of 
these actions. (10)

164   I can describe an ecological cascade 
and explain the impacts on organisms in the 
ecosystem. (7,10)

165  I can design a solution to changing envi-
ronmental conditions that accounts for densi-
ty-dependent and independent factors. (10)

166  I can synthesize data and reasoning to 
evaluate potential solutions to an environmen-
tal problem. (10)

167  I can communicate my proposed solution 
and support my conclusions with evidence and 
reasoning. (10)
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Teacher Tips 
At this time teachers can  
introduce or emphasize the 
overarching theme of  
“Interconnectedness:” 
everything in an ecosystem is  
connected to everything else, either 
directly or indirectly.

This standard demands the develop-
ment and use of models. However, 
those models need not be physical 
constructions. Student-developed food 
web diagrams are representations of 
conceptual models that can and should 
be used to meet the standard if stu-
dents are able to use those models to 
predict future impacts. For example, if 
students could use a self-created food 
web diagram to predict the impact of 
removing one member on other mem-
bers of the food web, it would be “de-
veloping and using a model” whereas 
if students only create a static diagram 
the standard would not be met.

Continued...
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