
Knowledge:

Unit General Biology 1 (NYA) Learning Outcomes
Explain what hydrogen bonds are, what properties of adjacent atoms will lead to the formation of hydrogen bonds, and be 

able to recognize and identify when these will or should occur.

Define the terms hydrophilic and hydrophobic, and associate these terms with different types of molecules.

Explain why water is a polar molecule, how this results in water molecules easily forming hydrogen bonds with water and 

other molecules, how this characteristic leads to the various important physical properties, and why each of these properties 

are crucial for life as we know it on our planet.
Define oxidation and reduction, and be able to isolate the oxidating and reducing agents within organic redox reactions based 

on the gain and loss of H atoms.
Differentiate broadly between potential and kinetic energy, as well as specifically between chemical potential energy and 

what forms of kinetic energy this can be transformed into.
Define chemical evolution: describe the redox process which led to the production of reduced carbon molecules on early 

earth, as well as why this would have been possible on early earth but would not be possible today, and explain why reduced 

carbon molecules are higher in potential energy than oxidized carbon molecules.
Differentiate between monomers and polymers, explain how they are related, and describe how condensation and hydrolysis 

reactions lead to the formation of and break down of polymers, respectively.

List the four types of macromolecules found in living organisms and identify their monomer subunits.

Define what a functional group is, and be able to draw and recognize hydroxyl, amino, carboxyl (carboxylic acid), and 

phosphate functional groups.

Describe and recognize the basic structure of a nucleotide, identifying the characteristics that all nucleotides share as well as 

what differentiates them, including being able to basically differentiate between purines and pyrimidines.

Describe how nucleotides link together, and be able to assign appropriate numbers to the carbons inside the pentose sugar 

(ribose or deoxyribose) for the purposes of being able to define and recognize the 5’ and 3’ end of nucleic acid strand.

Describe the structural and functional differences between DNA and RNA, including a description of the basic structure of a 

double helix and an explanation of why the strands are antiparallel (and what that means).

Identify the nucleic acid base pairing rules, and explain what properties of the nucleotide bases lead to these rules.

Copy or transcribe a sequence of DNA into the corresponding DNA or RNA strand, respectively, being mindful of 5' - 3' 

directionality, and explain why there is only one way this can be done.

Explain why nucleic acids are excellent information carrying or storage molecules.

Differentiate between DNA replication, transcription, and translation, and explain how DNA, RNA, and proteins are related 

through the flow of life's information, i.e., describe the central dogma of molecular biology.

Describe and recognize the basic structure of an amino acid, identifying the characteristics they all share as well as what 

differentiates them, including being able to basically differentiate between non-polar, polar, and charged amino acids.

Describe how amino acids link together, and define and be able to recognize the N and C terminus of a protein.

Differentiate between the four levels of protein structure, describing how each successive level leads to the next, identifying 

specific stereotypic patterns (e.g., alpha helices and beta pleated sheets), and describing the types of bonds or interactions 

that result in these.

Describe how different types of amino acids (differentiated in the outcome above) can affect the overall structure of a 

protein, and explain why protein structure is absolutely crucial to the various functions that proteins occupy, as well as how 

changing one or several amino acids from one type to another could affect protein function.

Describe ways that protein structure is susceptible to environmental conditions.

Summarize the extensive and diverse functions of proteins in organisms, and explain why it is possible for proteins to occupy 

so many important roles.
Describe and recognize the basic structure of a carbohydrate, and differentiate between monosaccharides, disaccharides, and 

polysaccharides.
Assign appropriate numbers to the carbons inside monosaccharide rings, and recognize and be able to differentiate between 

the straight chain, alpha ring, and beta ring forms of glucose.
Describe how monosaccharides link together, and be able to recognize and differentiate between alpha and beta glycosidic 

links.
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List and describe the basic biochemical roles of carbohydrates, explaining why carbohydrates are effective energy molecules 

and providing examples in plants and animals of energy storing molecules, describing how structural carbohydrates are linked 

differently than energy carbohydrates and providing examples of such molecules, and describing and providing examples of 

how carbohydrates can be modified and serve other roles.
Describe and recognize the basic structural property that all lipid molecules possess, and differentiate between triglycerides, 

steroids, and phospholipids.
Describe the structure of a triglyceride, including the molecules that make it up, and describe how these molecules are linked 

together.

Explain why lipids (and specifically triglycerides) are effective long-term energy storage molecules.

Describe how steroids (including carotenoids and various vitamins) are different in structure than other lipids, and list their 

various functions, including some specific functions of cholesterol.
Define the term amphipathic, and explain how this term is relevant to the structure and function of phospholipids by 

describing the basic structure of a phospholipid molecule, the basic structure of phospholipid bilayers, and explaining why 

phospholipids are able to form bilayers.
Describe the fluid mosaic model of plasma membrane structure, identify non-phospholipid molecules that can be found 

embedded within the membrane, and describe properties of integral molecules (in particular integral proteins) which allow 

them to be embedded in membranes.
Explain why membranes are ‘semi-permeable’, describing what kinds of molecules are able to diffuse freely through 

membranes, and which molecules can only do so with assistance.

Describe what is meant by a ‘surface to volume ratio’, and explain why this ratio limits cell size.

Explain why life is considered to fall into three domains and draw these on a phylogenetic tree.

Describe the major differences between prokaryotic and eukaryotic cells.

Provide a rough description of the structure and function of the nucleus, nucleolus, ribosomes, rough and smooth ER, Golgi, 

lysosomes, mitochondria, chloroplasts, vacuoles, cell wall, cytoskeleton, and centrioles.
Describe the structure and function of ATP, and provide a rough description of the process of cellular respiration which 

produces ATP.
Describe the process of synthesis and secretion of proteins, and explain why this illustrates the fluid nature of the 

endomembrane system.

Differentiate between plant and animal cells.

Describe the processes of endo- and exocytosis, and define the term phagocytosis.

Interpret information about various disease symptoms to identify potential basic organelle malfunctions which could be 

causing the disease.
Describe the important differences between mitosis and meiosis, in terms of what the processes of division are used for, the 

basic mechanics of the processes, and the products produced.

Draw the cell cycle and provide a basic description for what is transpiring within the cell at each particular stage.

Explain what cell cycle checkpoints are, where (when) these are located within the cycle, and how cells can either be 

stimulated to proceed through the cycle or be impeded from doing so, providing a very general description of how signal 

molecules are instrumental in these processes.
Define the terms oncogene  and tumor suppressor , describe what cancer is, and roughly explain what factors can lead to 

cancer developing.
Apply an understanding of the structure of DNA molecules from the first section to describe what chromosomes are; 

differentiate between chromosomes, chromatin, and (sister) chromatids, and explain what a centromere is.
Draw each phase of mitotic cell division, describe what is happening within the cell and to the chromosomes at each stage, 

and differentiate between mitosis and cytokinesis.
Describe what 'n' means in genetics, what the terms ploidy, haploid, and diploid mean, and differentiate between duplicated 

and homologous chromosomes.

Determine the haploid chromosome number (n) and ploidy for a cell.

Draw the entire meiotic process and describe in detail the motion of chromosomes throughout each successive phase, as well 

as provide a rudimentary explanation for what cellular mechanisms are leading to the movement of the chromosomes.

Define karyotype, and recognize a human karyotype.

Explicitly identify the key mechanistic differences between meiosis and mitosis which result in different cellular and genetic 

products:

- Describe when and how crossing over occurs, and what the results are.

- Define independent assortment, explain how it results from the mechanics of meiosis, and be able to calculate the number 

of genetically different gametes that could possibly be produced from meiosis based on the haploid number of a cell (ignoring 

crossing over).
Contrast the evolutionary benefits of sexual and asexual reproduction (or advantages and disadvantages of sexual 

reproduction), and explain why meiosis and sex evolved.

Describe the phenomenon of non-disjunction, and define aneuploidy and polyploidy

Describe the condition of trisomy 21.
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Define what a gene is.

Define transcription and translation, and describe the central dogma of molecular biology, i.e., explain how DNA, RNA, and 

proteins are related through the flow of life's info.

Define the term codon, and explain why the genetic code is considered to be redundant but not ambiguous.

Define the terms genotype and phenotype, and relate these to the central dogma.

Describe one exception to the central dogma.

Define what alleles are, and distinguish between these and genes.

Explain what homologous chromosomes are, and what it means to be homozygous or heterozygous for a particular gene.

Transcribe a sequence of template or non-template DNA into mRNA (minding 5’→3’), and, when provided with the genetic 

code, translate this sequence into a strand of amino acids.

Identify sequence differences between two (or more) DNA or mRNA strands in order to determine the genetic difference 

between alleles, translate these different strands into amino acids in order to identify differences in primary structure 

between the protein products of two different alleles, and, when provided with a list of amino acid groupings, use an 

understanding of the chemical differences between amino acid groups to formulate a context-specific hypothesis about how 

allelic (genotype) differences can result in important protein action (phenotype) effects.

Provide a description of the basic genetic make-up of diploid life, applying the appropriate terms correctly, starting from a 

single nucleotide, and ending with a complete set of homologous chromosomes.

Define the terms character, trait, and heritable trait.

Describe the study system and methodology Mendel used to carry out his genetic experiments, defining the terms true-

breeding, hybrid, P, F1, and F2, and explain why he chose this system, along with why he was able to achieve his remarkable 

insights.

Explain what monohybrid and dihybrid crosses are.

Define the terms dominant and recessive alleles; explain how these produce phenotypic differences.

Recall and explain Mendel's two laws, recognize instances that illustrate these, and explain how these laws result from the 

mechanics of meiosis.
State that each allele in a given genotype represents an individual chromosome from that organism, unless the genes are 

linked on the same chromosome.

For a given genotype identify the possible genotypic combinations of gametes that could be produced.

Use Punnett squares and/or simple probability calculations (multiplying and/or adding probabilities) to derive genotypic and 

phenotypic ratios from Mendelian crosses, and recall, recognize, and be able to associate basic Mendelian ratios (3:1, 1:2:1, 

9:3:3:1) with particular types of crosses.
Recall, recognize, and be able to describe and provide examples of the types of non-Mendelian genetics that result from allele 

and gene interactions, and explain how the phenotype of an organism can be affected by the interactions between gene 

products and the environment.
Explain how the type of inheritance (full dominance, incomplete dominance, co-dominance, etc.) outwardly displayed by the 

organism can be different than the type of inheritance displayed at the cellular or biochemical level, and interpret information 

about specific alleles and their protein products to identify molecular, cellular, and organismal patterns of inheritance for a 

these alleles.
Describe the genetic and molecular basis for human ABO blood typing, and explain why it’s important to match blood donors 

and recipients properly.

Differentiate between qualitative and quantitative traits.

Explain what linked genes are, why absolute linkage is rare, and be able to recognize offspring ratios that reflect recombinant 

frequencies from crosses for linked genes.

Define the terms autosome and sex chromosome, and explain how sex is determined in mammals.

Given parental genotypes for any number of genes, use Punnett squares and probability calculations (product rule, addition 

rule) to calculate the probability of producing offspring with particular genotypes.
Compare different patterns of autosomal dominant, autosomal recessive, or X-linked recessive inheritance, recognize 

pedigree examples of each and explain the difference between them, and attribute these patterns to mechanics of meiosis 

and to Mendelian laws.

Use Punnett squares and probability calculations (product rule, addition rule) to solve pedigree problems requiring the 

determination of inheritance pattern, parental genotypes, and the probability of a child inheriting a particular genotype.
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Define natural selection, and:

- State that members of a species show phenotypic variation, and explain why phenotypic variation is necessary for selection 

to occur.
- Explain how sexual reproduction promotes variation within a species, distinguishing between heritable and non-heritable 

variation, and explain why heritability is necessary for selection to occur.

- Define evolutionary fitness, and explain why fitness consequences of heritable variation are necessary for selection to occur.

State that populations tend to produce more offspring than the environment can support, and explain the consequences of 

overpopulation.
Analyze data on reproductive success, survivorship, and interpret any other pertinent measures to classify individuals based 

on differing degrees of evolutionary fitness.

Define evolution, and differentiate between micro- and macro-evolution.

Outline the evidence for evolution:

- Describe evidence of change through time:

o    Describe what is meant by the ‘fossil record’, and explain how this provides evidence of change 

(extinctions, transitional forms, environmental change), providing examples.
- Describe sources of evidence found in living species (documented instances of microevolution and speciation, vestigial 

traits), providing examples.
- Define the term homology, describe and provide examples of genetic, developmental, and structural homologies, and 

explain why homologies provide evidence in favour of evolution.
Explain how natural selection leads to evolution, and recognize when natural selection has occurred, for what trait, and the 

outcome of the selective process.

Describe the two meanings for the word adaptation within an evolutionary context.

Draw graphs describing the effect of stabilizing, directional, disruptive, and balancing selection on the distribution of a 

particular phenotypic trait within a population, and explain the effect each of these would have on the genotypic variation for 

that trait present within a population.
Define the terms inter- and intrasexual selection, be able to provide examples of these, and be able to interpret information 

or data to identify the effects of these selective processes.
Formulate specific hypotheses relating to selective patterns and processes, and interpret graphical and numerical data testing 

these hypotheses in order to draw relevant conclusions.

Define the terms allele frequency and gene pool.

Explain how the Hardy–Weinberg equation is derived.

Calculate allele frequencies for one gene with two alleles in a population when provided with either data on the number of 

individuals with the different genotypes, or the genotype frequencies within the population.
Use the Hardy-Weinberg equation and known or calculated allele frequencies for one gene with two alleles in a population to 

calculate expected Hardy-Weinberg genotype frequencies within the population, and then compare these expected genotype 

frequencies against actual genotype frequencies or raw genotype numbers to draw a conclusion about whether a population 

is in Hardy-Weinberg equilibrium for a particular gene.
Interpret information about a population to identify or calculate one of the terms from the Hardy-Weinberg equation or the 

equation p  + q  = 1, and then solve these equations simultaneously to identify all Hardy-Weinberg allele and genotype 

frequencies.
State the assumptions made when the Hardy–Weinberg equation is used (the Hardy-Weinberg Principle), and list the five 

mechanisms of evolution, describe how each works, and differentiate between the specific effects of each.

Use information provided about a population which is not in Hardy-Weinberg equilibrium for a gene to determine which 

mechanism(s) of evolution has (have) led to the allele and genotype frequencies deviating from equilibrium.

Describe the basic uses for the Hardy-Weinberg equation, including providing an explanation for why the equation can be 

useful as a null-hypothesis for determining whether evolution is occurring.
Define population bottlenecks and founder effects, explain why these can lead to genetic drift, and recognize instances where 

bottlenecks or founder effects have occurred.

Define reproductive isolation.

Differentiate between the morphological species concept and the biological species concept, and discuss the benefits, 

limitations, and uses of each.

Compare allopatric and sympatric speciation, and provide examples of each.

Differentiate between pre- and postzygotic isolating mechanisms.

List the specific reproductive isolating mechanisms within each of the two broad categories above, provide an example of 

each, and describe how they function to prevent evolutionarily successful reproduction.

Describe how sexual selection can function as a reproductive isolating mechanism and lead to speciation.

Define the term ‘reinforcement’ within the context of speciation, and identify how this relates to reproductive isolating 

mechanisms.
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Use information presented about specific biological contexts to make judgements about whether groups of similar organisms 

should be considered one or two species.

Compare convergent and divergent evolution, and distinguish, with examples, between homologous and analogous traits.

Analyze and interpret evolutionary relationships based on phylogenetic trees.

Use information provided on various taxonomic groupings to code a character table, and use this table to identify an outgroup 

and construct the most parsimonious phylogenetic tree.

List and distinguish between the types of information that are used in phylogenetic analysis to build phylogenetic trees.

List basic biotic and abiotic (e.g. oxygen levels, continents, temperature) changes that occurred on Earth during the 

Precambrian interval, and the Paleozoic, Mesozoic, and Cenozoic Eras, including rough time estimates for each of these for 

periods.
Describe how oxygen concentrations in Earth’s atmosphere have changed over time, and describe what biotic and abiotic 

processes have led to these changes.
Define the term adaptive radiation, describing the three hallmarks of this process (monophyletic groups, rapid speciation, 

ecological diversity).
Explain how new resources, new environmental pressures, and/or new morphological traits can trigger adaptive radiation, 

using elements from the Cambrian explosion as examples.
Define the term ‘mass extinction’, and provide a very brief description of the End-Permian (“world went to hell”) extinction 

and the End-Cretaceous (end of the dinosaurs) extinction.
Describe the basic differences between viruses and cellular life, and explain what it means to be an obligate intracellular 

parasite.

Describe and provide evidence for the theory of endosymbiosis.

Compare and contrast different branches of the tree of life (domains; protists; fungal, plant, and animal lineages) in terms of 

similarities and diversity displayed in basic characteristics of life:

o    Genetic makeup

o    Basic cellular characteristics and broad morphological traits

o    Metabolic or “feeding strategies” (including how organisms extract energy from the environment 

and how they obtain carbon to build new molecules)

o    Methods of reproduction and generalized life cycles

o    Approximate evolutionary origin of the branch

o    Ecological diversity

Explain the difference between proximate and ultimate causes of behaviour, and be able to recognize or provide examples of 

each for any particular behaviour.

Define stereotypic behaviour.

State and provide evidence to support the hypothesis that behavioural phenotypes can be genetically determined.

Explain why strict genetic control of behaviour (i.e., no learning necessary) can be evolutionarily advantageous.

Describe how learned behaviours (i.e., behaviours that are not directly genetically determined and thus require learning from 

the environment) can still be under genetic control, using singing in sparrows as an example.
Explain why behavioural ecology adopts an economic-style cost-benefit approach to analyze the behavioural choices that 

animals make.
State that the benefits of a behaviour are measured in terms of fitness enhancements, even though proxy measurements are 

often substituted when direct evolutionary fitness cannot be measured, and list and describe the three components to a 

behavioural cost.

Apply the cost-benefit approach to analyze data about various behavioural decisions.

Define population, population density, and population dynamics.

Recall and define the terms within the equation to calculate how population size will change over a given time interval.

Define mortality, survivorship, and fecundity; describe the relationship between these elements within the basic life-history 

continuum.

Explain why an organism’s life-history is based on behavioural trade-offs.

Describe and be able to recognize and provide examples for the three basic survivorship curves.

Recall the formula for exponential growth, define what exponential growth is, and describe what determines a population's 

intrinsic rate of increase r .

Draw a logistic growth curve, define and explain each term from the logistic growth equation (do not need to know the 

equation), including what a carrying capacity is, and describe the effects on the growth curves of changing the various terms.

Draw and label a graph showing logistic population growth.

Distinguish between density dependent and independent limits on population growth, and provide examples of each.

Explain why some species achieve higher population densities than others.
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Discuss the effects of continued human population growth and how humans could exceed earth’s carrying capacity for our 

species.

List and provide a general description and examples of the five broad categories of species interactions.

Define co-evolution, and explain what an evolutionary arms race is.

Describe the consequences of antagonistic interactions both for predator and prey species.

Explain competitive exclusion.

Define the term niche.

Define gross primary productivity, net primary productivity, and biomass.

Describe what it means to be a primary producer, primary, secondary, tertiary, or quarternary consumer, omnivore, and 

decomposer or detritivore.

Draw a typical food chain and identify, describe, and provide examples of organisms at each of the trophic levels.

Draw a simple food web, indicating the flow of energy throughout, and identify, describe, and provide examples of organisms 

that obtain their energy from multiple levels within the web (i.e.,omnivores), as well as those that decompose organic matter.

Draw a typical biomass pyramid for a terrestrial ecosystem, and provide an example of the type of organism found at each 

level, as well as a description of their sources of energy, carbon, and other nutrients.

Define ecological efficiency, and explain why energy transfer between trophic levels is inefficient.

Calculate biomass amounts and/or productivity for different levels of a biomass pyramid, given percentages of energy transfer 

between levels.

Explain what trophic cascades are and what can produce them.

Define and provide examples of keystone species.

Contrast how the term ‘flux’ applies to energy in an ecosystem versus how it applies to elements.

Provide a description of what factors generally lead to differences in net primary productivity for different parts of the world.

Describe how much of earth’s primary productivity is consumed by humans.

Define biogeochemical cycle, and explain why decomposers like certain fungi and prokaryotes are essential to the continuity 

of life on our planet.
Describe how human activity has modified the carbon cycle, discuss evidence both in favour and against the hypothesis of 

human induced global warming as a result of increased emissions of greenhouse gases, and explain the precautionary 

principle and why it should be applied here.

Describe potential consequences of global warming.

Define nitrogen fixation, nitrification, and denitrification, and describe how humans have modified the nitrogen cycle and the 

consequences that result.

Define the term ‘sustainable practices’, describe the factors that impede the widespread adoption of sustainable ecosystem 

management, and explain, providing examples, why such practices are not only essential but economically beneficial.

Describe the value for humans of conserving biodiversity on our planet.

Briefly describe and provide examples of four factors that threaten species persistence.
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1. Identify the objective of a published scientific study. (explicit)

2. Describe the experimental design of a published scientific study. (explicit)

3. Discuss the validity of experimental setups and associated results.

4. Formulate an objective and a valid and justifiable hypothesis.

5. Identify materials necessary for implementing a particular methodology.

6. Design an experiment to test your hypothesis describing both lab procedures and data manipulation.

7. Predict the potential quantitative/qualitative outcome of your experiment.

8. Choose the appropriate statistical method for a given situation.

9. Use computer software (Excel) for statistical analysis and data presentation.

10. Interpret statistical results.

11. Evaluate the validity of a proposed hypothesis using inferential statistics.

12. Present processed data in a meaningful way using properly labelled figures and tables. 

13. Relate results to the established work of scientific community.

14. To take a systematic approach to solving familiar and unfamiliar problems (use guidelines). (explicit).

15. Find appropriate peer-reviewed articles through the college's online databases (explicit).

16. Evaluate the relevance of the article for the given assignment objective.

17. Produce written assignments that achieve necessary formatting, grammatical, and content criteria.

18. Clearly express a biological idea in oral form.

19. Show ability to follow directions in a systematic manner.

20. Complete required work in the prescribed amount of time.

21. Agree on a set of team rules and expectations.

22. Perform self- and team assessments.

23. Produce individual or group work that meets assessment criteria.

24. Explain contemporary applications of a biological concept learned in class. 

25. Make reasonable judgments about controversial issues in the field (explicit).

1. Discuss/debate the pros and cons of sustainably managed ecosystems.

2. Devise/recommend measures to address local conservation and/or sustainability problems.

3. Show professionalism while interacting with teachers, technicians and peers, by email or in person.

4. Produce a complete list of references for lab reports and essays that adhere to an accepted style.

5. Include appropriate in-text referencing for summarizing or paraphrasing published work.

6. Summarize established scientific knowledge in their own words.

7. Report their own original work in lab reports or essays.

8. Direct criticism towards ideas instead of people.

9. During class and lab periods, proceed according to school and laboratory regulations.

10. Demonstrate the ability to follow a rubric.

11. Coordinate a small group activity within a structured framework.

12. Demonstrate punctuality in attendance and submission of assignments.

13. Demonstrate consistency in study habits by staying on top of assigned readings and assignments.

14. Practice reasonable regular interaction with instructor as needed to remain comfortable with course content.

15. Participate in class discussions by asking and answering questions as they come up.

16. Communicate with instructor and peers by using positive goal oriented language when confronting challenges.

Skills (including “explicit” indicates an assessment directly targeting this outcome):

Attitudes:


