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Biology

Supplementary Material:   Genetics and Evolution (NCEA Level 3)
Material to support teachers in preparing students for assessment against Level 3 Biology achievement standards.

Date published: 
January 2006

Guidelines

This material has been developed by a national group of teachers and Science Advisers.  It is designed to provide teachers with supplementary material to help when developing the programme of work for Level 3 Biology in genetics and evolution.  

The particular topics in this material are:

Mendelian Genetics

Molecular Genetics

Mutations

Evolution 

Human Evolution

This material is extending the information provided in the explanatory notes of the standards, the assessment specifications for the standards and information in the Biology Curriculum document.

This material is intended to be a guide for teachers when designing their teaching and learning programme.  It is not a scheme of work.

These overviews are in four sections.

The first section gives the achievement objectives covered and the achievement standard that could be used to assess the student’s understanding. There is an indication to teachers of the prior learning required by students before they begin the topics. This will vary in some cases depending on the order in which the topics are taught. 

The second section breaks the learning material into students outcomes with indicators of the depth and breadth of learning students will show.  Most of the outcomes are shown as achieved level statements. It is clearly stated that students will need to apply this knowledge in different ways to show their understanding when they answer merit and excellence level questions.  Examples of applied understanding are shown where appropriate but are only intended as an indication of the types of responses expected.

Supplementary outcomes are included because they add to student’s understanding but they are not specifically assessed in the achievement standards.

The third section of each overview addresses the core vocabulary required to be understood by students in questions and used in their answers.  Some overviews include vocabulary assumed from prior learning.  Some include extra terms that may be useful for some students but are not essential.

The fourth section is a page of learning outcomes for students. This sheet includes a box that students could ‘tick’ when they understood the concept.
Level 3 BIOLOGY

Mendelian Genetics

	TOPIC
	Mendelian Genetics – note this topic is linked to molecular genetics and mutation topics.  
	TIME
	6-10 hours class time.  

	Biology in the NZ Curriculum

ACHIEVEMENT OBJECTIVES
	Achievement Objective

	
	8.2 (a)
	Investigate and describe gene expression


Note  - this topic should be looked at with the Molecular Genetics and Mutation topic – all three are required for AS90715.  

	Achievement Standard 

Biology 3.3 AS90715   version 2
	4 Credits 
	Describe the role of DNA in relation to gene expression.  

	Achievement
	Achievement with Merit
	Achievement with Excellence

	· Describe the role of DNA in relation to gene expression. 
	· Explain the role of DNA in relation to gene expression.
	· Discuss the role of DNA in relation to gene expression. 

	Refer to the Explanatory Notes and Assessment Specifications for more detail about this standard


	Prior Knowledge and Skills needed to be able to use the Core Knowledge in this unit
	Demonstrated by…

	Mendelian genetics.


	Solve monohybrid, dihybrid crosses to F1 and F2 generations, their ratio’s plus the test-cross.

	Define: genotype, phenotype, dominant, recessive, pure breeding, homozygous, heterozygous, alleles.
	Correct definitions.

	Describe mutations.
	Gene and chromosome described.


	CORE KNOWLEDGE
	Demonstrated by…

	Students will be expected to utilise the core knowledge outlined in the statements below to describe, explain and discuss aspects of mendelian genetics in novel and applied situations or examples.

	1
	Define the terms gene, allele, trait, dominant, recessive, homozygous, heterozygous, genotype, phenotype.
	Correct definitions given. Terms can be used accurately in communicating biological ideas.

	2
	Define Mendel’s law of segregation and independent assortment and explain what this means.
	To include a description of random arrangement of parental chromosomes at metaphase and an explanation of the effect of this on the chromosome composition of the gametes.


	3
	Describe the principles of simple dominant / recessive monohybrid and dihybrid inheritance patterns and use these to predict the outcome of simple dominant / recessive monohybrid and dihybrid inheritance problems.
	Can correctly determine the results of simple dominant / recessive inheritance problems.

It is expected that the student can recognise and calculate F1 and F2, genotype and phenotype ratios.

	4
	Define the term test cross and use this procedure to predict inheritance patterns.
	Correct definition given.  Is able to use to correctly solve problems.  E.g. is able to explain how the test cross is used to identify the genotype of an organism that shows a dominant phenotype.  

	5
	Describe the principles of inheritance involving incomplete dominance, co-dominance and lethal alleles and use these to predict the outcome of inheritance problems. 
	Can correctly determine the results of inheritance problems.  

It is expected that the student can calculate F1 and F2 genotype and phenotype ratios and compare these to the results that would be seen in simple dominant/recessive inheritance patterns.   

	6
	Describe the principles of inheritance involving multiple alleles and use these to predict the outcome of inheritance problems involving multiple alleles.  
	Can correctly determine the results of multiple allele inheritance problems and can compare these to the results that would be seen in simple dominant/recessive inheritance patterns.   

	7
	Determine the outcome of inheritance problems involving gene-gene interactions – epistasis (complementary and supplementary), collaboration and polygenes. 
	Can identify patterns of inheritance showing epistasis, collaboration and polygenes and can correctly determine the results of inheritance problems involving these patterns. Students should be able to compare these to the results that would be seen in simple dominant recessive inheritance patterns. 

Describe the interaction of epistatic genes with respect to metabolic pathways

	8
	Determine the outcome of inheritance crosses involving linked and sex-linked genes.
	Can identify patterns of inheritance showing linked and sex linked genes and can correctly determine the results of inheritance problems involving these patterns. Students should be able to compare these to the results that would be seen in simple dominant recessive inheritance patterns.   



	9. 
	Determine the relative position of linked genes on a chromosome.
	Can use chromosome maps to determine the relative position of linked genes on a chromosome.

	10
	Describe pleiotropy.


	Correct definition given – may use examples such as sickle cell anaemia..  

	
	
	

	11
	Use core knowledge to give reasons for the patterns in inheritance. 
	

	12
	Show understanding of inheritance patterns by using the core knowledge to link ideas e.g. in justifying, relating, evaluating, comparing and contrasting or analysing.  
	


Communicate ideas clearly and succinctly using the biological language relevant to this topic. 

	
	
	


	SUPPLEMENTARY KNOWLEDGE

- contributes to the understanding of core knowledge
	Demonstrated by…

	10
	Explain the potential effect of environment on the expression of genes.
	Is able to use examples to illustrate the potential effect of environment on gene expression. E.g. is able to link growth pattern shown in a tree to effect of prevailing wind.  


NCEA Level 3 BIOLOGY:  INFORMATION FOR STUDENTS
Topic – Mendelian Genetics

Achievement Standard:  Biology 3.3    AS 90715  
4 Credits
External Examination

Title: Describe the role of DNA in relation to gene expression
Note  - this topic should be looked at with the Molecular Genetics and Mutations topics – all three are required for AS 90715.

	Achievement
	Achievement with Merit
	Achievement with Excellence

	· Describe the role of DNA in relation to gene expression. 
	· Explain the role of DNA in relation to gene expression.
	· Discuss the role of DNA in relation to gene expression. 


Key Words: These are the words that you are expected to understand when used in questions and be able to use in your answers

Core Vocabulary

	· Allele

· Carrier

· Characteristic

· Chiasma

· Co-Dominance

· Collaboration

· Crossing Over

· Dihybrid Inheritance

· Dominant
	· Epistasis

· Gene

· Genotype

· Heterozygous

· Homozygous

· Inbreeding

· Incomplete Dominance

· Independent Assortment 

· Lethal Gene
	· Linked Genes

· Monohybrid Inheritance

· Multiple Alleles

· Outbreeding

· Pedigree

· Phenotype

· Pleiotropy

· Polygenes

· Progeny
	· Recessive 

· Recombinant

· Segregation

· Sex-Influenced Genes

· Sex-Linked Genes

· Test Cross

· Trait

· Wild Type


	At the end of this unit of work you should be able to use the core knowledge listed in the statements below to describe, explain and discuss aspects of Mendelian genetics.   Questions may be presented to you in unfamiliar situations that will require you to recognise and link these ideas together.  

	1
	Define the terms gene, allele, trait, dominant, recessive, homozygous, heterozygous, genotype, phenotype.

	2
	Define Mendel’s law of segregation and independent assortment and explain what this means.

	3
	Describe the principles of simple dominant / recessive monohybrid and dihybrid inheritance patterns and use these to predict the outcome of simple dominant / recessive monohybrid and dihybrid inheritance problems.

	4
	Define the term test or back cross and use this procedure to predict inheritance patterns.

	5
	Describe the principles of inheritance involving incomplete dominance, co-dominance and lethal genes and use these to predict the outcome of inheritance problems.

	6
	Describe the principles of inheritance involving multiple alleles and use these to predict the outcome of inheritance problems involving multiple alleles.  

	7
	Determine the outcome of inheritance problems involving gene-gene interactions – epistasis, collaboration and polygenes.

	8
	Determine the outcome of inheritance crosses involving linked and sex-linked genes.

	9
	Determine the relative position of linked genes on a chromosome.

	10
	Describe pleiotropy.

	11
	Use core knowledge to give reasons for the patterns in inheritance.

	12
	Show understanding of inheritance patterns by using the core knowledge to link ideas e.g. in justifying, relating, evaluating, comparing and contrasting or analysing.

	13
	Communicate ideas clearly and succinctly using the biological language relevant to this topic.


Level 3 BIOLOGY

Molecular Genetics

	TOPIC
	Molecular Genetics
	TIME
	3 weeks of class time

	Biology in the NZ Curriculum

ACHIEVEMENT OBJECTIVES
	Achievement Objective

	
	8.2 (a)
	Investigate and describe gene expression



Note  - this topic should be looked at with the Mendelian genetics and Mutation topic – all three are required for AS 90715.  

	Achievement Standard 

Biology 3.3 AS90715   version 2
	4 Credits 
	Describe the role of DNA in relation to gene expression.  

	Achievement
	Achievement with Merit
	Achievement with Excellence

	· Describe the role of DNA in relation to gene expression. 


	· Explain the role of DNA in relation to gene expression.
	· Discuss the role of DNA in relation to gene expression. 

	Refer to the Explanatory notes and Assessment Specifications for more detail about this standard


	Prior Knowledge and Skills needed to be able to use the Core Knowledge in this unit
	Demonstrated by…

	Cell structure including prokaryotes and eukaryotes
	General structure of plant, animal and bacterial cells including differences at organelle, DNA, chromosome levels.

	Describe the function of the organelles in the generalised cell.
	Nucleus, ribosomes, endoplasmic reticulum, mitochondria.

	Describe enzymes.
	Functions, enzyme action (lock and key / induced fit) and factors that affect enzyme action.

	Structure and function of DNA and RNA.
	In terms of nucleotide, complementary bases, double helix structure.

	DNA replication.
	In terms of unwinding, base pair matching and semi conservative construction.

	Chromosome – basic structure and function.
	Include the terms chromatid, chromosome and centromere, histone, chromatin

	Describe Mitosis and Meiosis and explain the importance of these processes.
	Describe where the processes occur, their effect on chromosome number and key events at each stage.


	CORE KNOWLEDGE
	Demonstrated by.…

	Students will be expected to utilise the core knowledge outlined in the statements below to describe, explain and discuss aspects of molecular genetics in novel and applied situations or examples.

	1
	
	

	1
	Describe the structure and function of proteins.
	To include primary, secondary, tertiary and quaternary structure.

Functions - to include examples such as transport, immunological, contractile, regulatory, structural, catalytic (enzymes).

	2
	Describe the structure, function and properties of enzymes.
	To include induced fit, lock and key models of enzyme action.  Effect of pH, temperature, substrate and enzyme concentration, co-factors, co-enzymes andheavy metals.

	3
	Describe the structure of a chromosome.
	Structure to include role of histone proteins and packaging of chromatin in the chromosome.

	4
	Describe the structure of DNA and RNA.
	Structure to include the nucleotide - phosphate, sugar and base.  Simple knowledge of the difference between purines and pyrimidines is expected (single vs. double ring).  Detailed chemical structure of bases and sugars is not necessary.  3’ and 5’ end of DNA are to be included in the structural knowledge. Anti-parallel nature of DNA structure is required.  Definition of the terms introns and exons and their role in the function of DNA is required.   

	5
	Describe the functions of DNA and RNA.
	Functions to include role in protein synthesis.

	6
	Describe the process of DNA replication.
	DNA replication comprises: unwinding the DNA molecule, breaking the bonds between the strands, replication, and repackaging. Replication process to include the role of okazaki fragments along the replication fork.   Students should understand the roles of key enzymes in this process, including RNA and DNA polymerases, DNA ligase, DNA helicase.

	7
	Describe the process of mitosis and meiosis.
	Names and sequence of the stages of interphase, prophase, metaphase, anaphase, telophase to be included.

	8
	Describe the process of protein synthesis.
	Details of transcription and translation to include the roles of DNA, mRNA, tRNA, rRNA, ribosome, codons, anticodons, RNA polymerase, helicase, Must be able to read a table of codons. 

Use of the terms coding strand and template strand with respect to DNA.  Direction of synthesis must be identified.

	9
	Describe what the genetic code is and state the function of this code.
	To include the letters of the code and how they are used to form triplets, codons and anticodons.  The relationship between the code and the formation of proteins. Explanation of the redundant nature of the code and the potential positive effect of this is required.  

	10
	Describe the control of gene expression in prokaryotes and eukaryotes.
	To include the turning on and off genes in both prokaryotes and eukaryotes.  

In prokaryotes – control explained in terms of feedback control within the operon. This is to include the use of the terms: inhibitor (regulator) gene, inhibitor (repressor) protein, promoter, operator, structural gene. The role of the inhibitor in blocking the pathway of RNA polymerase needs to be explained.  

In eukaryotes - control of metabolic pathways by gene expression includes enhancers and transcription factors. Students should understand the role of control elements, including the promoter region, enhancer region, the transcription factors (proteins) that must bind to both regions before transcription can occur, and the terminator region. The role of transcription factors in bringing the enhancer sequences together in order to allow the progression of RNA polymerase needs to be explained.  The role of the terminator sequence in the deactivation of transcription should be identified.  This is not to be confused with the role of stop or terminator codons.It should be noted that post transcription, introns are removed from the mRNA and only exons are translated.  

	11
	Show understanding of molecular genetics by using the core knowledge to give reasons for events that happen in the cell. 
	E.g. explain the advantage of the degenerate nature of the genetic code.  

E.g. explain why okazaki fragments are formed in the process of DNA replication.  

	12
	Show understanding of molecular genetics by using the core knowledge to link ideas e.g. in justifying, relating, evaluating, comparing and contrasting or analysing.  
	E.g. DNA has an anti-parallel structure.  Explain why the DNA molecule has an anti-parallel structure and discuss the effect of this structure on the process of DNA replication in cells.  


Communicate ideas clearly and succinctly using the biological language relevant to this topic. 

	
	The core language appropriate to this unit is listed in the attached vocabulary list.
	


NCEA Level 3 BIOLOGY:  INFORMATION FOR STUDENTS
Molecular Genetics

Achievement Standard:  Biology 3.3      AS 90715 
4 Credits
External Examination

Title:  Describe the role of DNA in relation to gene expression
	Achievement
	Achievement with Merit
	Achievement with Excellence

	· Describe the role of DNA in relation to gene expression. 
	· Explain the role of DNA in relation to gene expression.
	· Discuss the role of DNA in relation to gene expression. 


Key Words: These are the words that you are expected to understand when used in questions and be able to use in your answers

Prior Knowledge Vocabulary

	· Adenine

· Amino Acid

· Autosome

· Centromere

· Chromatid

· Chromatin

· Chromosome

· Cytosine
	· Deoxyribose Sugar

· DNA

· Eukaryote

· Gamete

· Genetic Code

· Genome

· Guanine

· Histone
	· Homologous

· Karyotype

· Meiosis 
· Mitosis

· Nucleic Acid

· Polypeptide Chain

· Prokaryote

· Ribose Sugar
	· RNA 

· Sex Chromosome

· Somatic

· Tetrad

· Thymine

· Uracil

· Zygote


Core Vocabulary

	· Anaphase

· Anticodon

· Central Dogma

· Coding Strand

· Codon

· Complimentary Base Pairs

· Cytokinesis

· Disulphide Bridge

· DNA Ligase

· DNA Polymerase

· Exon
	· Gene

· Helicase

· Inducer

· Interphase

· Intron

· Karyotype

· Lagging Strand

· Leading Strand

· Metabolic Pathway

· Metaphase

· MRNA

· Nucleotide
	· Okazaki Fragment

· Operator Site

· Operon

· Promoter Site

· Prophase

· Protein Synthesis

· Purines

· Pyrimidines

· Recombination

· Redundant code

· Regulator Gene

· Replication Fork
	· RNA Polymerase

· RNA

· Structural Gene

· Telophase

· Template Strand

· Transcription

· Transcription Factor 

· Transcription Unit

· Translation

· Triplet

· tRNA


	At the end of this unit of work you should be able to use the core knowledge listed in the statements below to describe, explain and discuss aspects of molecular genetics.   Questions may be presented to you in unfamiliar situations that will require you to recognise and link these ideas together.  

	Prior knowledge from Y12 cell biology and genetics topics…..

	P1
	Describe the general structure of plant, animal and bacterial cells.
	

	P2
	Describe the function of organelles in plant, animal and bacterial cells.
	

	P3
	Describe the structure and function of a Chromosome.
	


	Core knowledge from this topic

	1
	Describe the structure and function of prokaryote and eukaryote cells – identifying the differences between the structures of these cells.
	

	2
	Describe the structure and function of proteins.
	

	3
	Describe the structure, function and properties of enzymes.
	

	4
	Describe the structure of a chromosome.
	

	5
	Describe the structure of DNA and RNA.
	

	6
	Describe the functions of DNA and RNA.
	

	7
	Describe the process of DNA replication.
	

	8
	Describe the process of mitosis and meiosis.
	

	9
	Describe the process of protein synthesis.
	

	10
	Describe what the genetic code is and state the function of this code.
	

	11
	Describe the control of gene expression in prokaryotes and eukaryotes.
	

	12
	Show understanding of molecular genetics by using the core knowledge to give reasons for events that happen in the cell. 

E.g. explain the advantage of the degenerate nature of the genetic code.  

E.g. explain why okazaki fragments are formed in the process of DNA replication.  
	

	13
	Show understanding of molecular genetics by using the core knowledge to link ideas e.g. in justifying, relating, evaluating, comparing and contrasting or analysing.  

E.g., DNA has an anti-parallel structure.  Explain why the DNA molecule has an anti-parallel structure and discuss the effect of this structure on the process of DNA replication in cells.  
	


Communicate ideas clearly and succinctly using the biological language relevant to this topic. 

	
	
	


Level 3 Biology

Mutations

	TOPIC
	Mutations - note this topic is linked to molecular genetics and genetic inheritance topics.
	TIME
	10 hours class time.  

	Biology in the NZ Curriculum

ACHIEVEMENT OBJECTIVES
	Achievement Objective

	
	8.2 (a)
	Investigate and describe gene expression


  Note  - this topic should be looked at with the Molecular Genetics and Mendelian Genetics – all three are required for AS 90715.  

	Achievement Standard 

Biology 3.3 AS90715  version 2
	4 Credits 
	Describe the role of DNA in relation to gene expression.  

	Achievement
	Achievement with Merit
	Achievement with Excellence

	· Describe the role of DNA in relation to gene expression. 
	· Explain the role of DNA in relation to gene expression.
	· Discuss the role of DNA in relation to gene expression. 

	Refer to the Explanatory notes and Assessment Specifications for more detail about this standard


	Prior Knowledge and Skills needed to be able to use the Core Knowledge in this unit
	Demonstrated by…

	Define the term mutation.
	A definition indicating that a mutation is a permanent change in the genetic material of an organism.

	Identify some causes and effects of mutations.
	An ability to identify that while some mutations are random, others are induced by mutagens.  

An ability to identify that mutations increase variation in a population and if at the level of the germ cell will potentially be passed on.    


	CORE KNOWLEDGE
	Demonstrated by…

	Students will be expected to utilise the core knowledge outlined in the statements below to describe, explain and discuss aspects of mutation in novel and applied situations or examples.

	1
	Define the term mutation and identify ways in which mutations may affect an organism.
	Correct definition given.  Effects given as permanent - positive, negative or neutral.  

	2
	Identify the causes of mutations (spontaneous and induced).
	Causes to include heritable and environmental; random vs. induced;   Mutagens to include viruses, radiation and chemicals.  

	3
	Differentiate between somatic and gametic mutations and identify the potential effect of each of these.
	Can identify the difference in effect in terms of heritability of the mutation.

	4
	Describe the potential effects of mutations on organisms and populations and then explain role of mutations in the process of evolution. 
	Potential effect on individuals and populations to be linked to whether the mutation is gametic or somatic and whether it is harmful, beneficial or neutral.  Effect should be linked to selection pressures.  Students should be able to use these ideas to discuss the potential effect on a population and link this to the potential for mutations to contribute to the process of evolution.  

	5
	Describe the effect of gene mutations; identify types of gene mutations and explain the range of potential consequences of these on the expression of the gene.
	Correct definition given.  Types given as frame shift (deletion, addition) and substitution.  Potential consequences given as neutral, harmful or beneficial.  Is able to explain the potential difference in effect of each type of gene mutation (i.e. frame shift vs. non frame shift). Examples of gene mutations in humans such as sickle cell and cystic fibrosis should be used to illustrate these points.  

	6
	Describe the effect of chromosome mutations; identify types of chromosome mutations and the range of potential consequences of these on gene expression.
	Correct definition given.  Types given as inversions, duplications, deletions and translocations.  Potential consequences given as neutral, harmful or beneficial.  Examples of chromosome mutations in humans (such as 9/22 translocation in chronic myeloid leukaemia or 14/21 translocation in Downs Syndrome) should be used to illustrate these points.  

	7
	Describe the process that leads to aneuploidy and explain the range of potential consequences of these types of mutations.  
	Correct definition of the term aneuploidy should be given.  Non-disjunction should be identified as the process leading to these mutations and students should be able to explain how the mutant gametes come about.  Potential consequences linked to the extent of the genetic material that has been altered.  The concept of a syndrome should be identified.  Examples of aneuploidy in humans such as Turner Syndrome, Klinefelter Syndrome, Down Syndrome should be used to illustrate these points.  

	8
	Describe the process that leads to polyploidy (allopolyploid and autopolyploid) and explain the range of potential consequences of these types of mutations.  
	Correct definition of the terms aneuploidy, polyploidy, allopolyploid and autopolyploid should be given.  Non-disjunction should be identified as the process leading to these mutations and students should be able to explain how the mutant gametes come about.  Students should be able to explain why the resultant individuals in polyploids may / may not be fertile and explain the process that may eventually lead to the development of a fertile polyploidy from an initial infertile polyploidy.   Potential consequences linked to the extent of the genetic material that has been altered.  

	9
	Use core knowledge to give reasons for the cause and effect of mutations.
	E.g. can give reasons for why frame shift mutations are likely to cause more significant changes in the genetic material than substitutions.  

E.g. can explain why an AAA hybrid is infertile. 

	10
	Show understanding of  the cause and effect of mutations by using the core knowledge to link ideas e.g. in justifying, relating, evaluating, comparing and contrasting or analysing.  
	E.g. compare and contrast the processes leading to the formation of fertile allopolyploids and fertile autopolyploids. 




Communicate ideas clearly and succinctly using the biological language relevant to this topic. 

	
	The prior and core language appropriate to this unit is listed in the attached vocabulary list. 
	


NCEA Level 3 BIOLOGY:  INFORMATION FOR STUDENTS
Mutations

Achievement Standard:  Biology 3.3 AS 90715  

3 Credits

External Examination

Title:  Describe the role of DNA in relation to gene expression

Note  - this topic should be looked at with the Molecular Genetics and Mendelian Genetics  topis – all three are required for AS 90715.  

	Achievement
	Achievement with Merit
	Achievement with Excellence

	· Describe the role of DNA in relation to gene expression. 
	· Explain the role of DNA in relation to gene expression.
	· Discuss the role of DNA in relation to gene expression. 


Key Words: These are the words that you are expected to understand when used in questions and be able to use in your answers

Prior Knowledge Vocabulary
	·  Karyotype
	· Mutagen
	· Mutant
	· Mutation


Core Vocabulary
	· Addition

· Allopolyploidy

· Amphiploidy

· Aneuploidy

· Autopolyploidy

· Chromosome mutation

· Deletion
	· Duplication

· Euploidy

· Frame shift

· Gametic

· Gene mutation

· Induced
	· Insertion

· Inversion

· Monosomy

· Non-disjunction

· Polyploidy

· Polysomy
	· Somatic

· Spontaneous

· Substitution

· Syndrome

· Translocation

· Trisomy


Supplementary Vocabulary
	· Barr body
	· Disomic
	· Diploid
	· Gametogenesis


	At the end of this unit of work you should be able to use the core knowledge listed in the statements below to describe, explain and discuss aspects of the cause and effect of mutations. 

Questions may be presented to you in unfamiliar situations that will require you to recognise and link these ideas together.  

	Prior Knowledge that you are expected to use from Y12 Evolution topic

	P1
	Define the term mutation.
	

	P2
	Identify the causes of mutations (spontaneous and induced).
	

	P3
	Differentiate between somatic and gametic mutations and identify the potential effect of each of these.
	

	P4
	Describe the potential effects of mutations on organisms and populations and then explain the role of mutations in the process of evolution. 
	

	

	Core knowledge new to this topic

	1
	Describe the effect of gene mutations; identify types of gene mutations and explain the range of potential consequences of these on the expression of the gene.
	

	2
	Describe the effect of chromosome mutations; identify types of chromosome mutations and the range of potential consequences of these on the expression of the gene.
	

	3
	Describe the process that leads to aneuploidy and explain the range of potential consequences of these types of mutations.  
	

	4
	Describe the process that leads to polyploidy (allopolyploid and autopolyploid) and explain the range of potential consequences of these types of mutations.  
	

	5
	Use core knowledge to give reasons for the cause and effect of mutations.
	

	6
	Show understanding of  the cause and effect of mutations by using the core knowledge to link ideas e.g. in justifying, relating, evaluating, comparing and contrasting or analysing.  
	


Communicate ideas clearly and succinctly using the biological language relevant to this topic. 

	
	
	


Level 3 BIOLOGY

Evolution
	TOPIC
	Evolution
	TIME
	13-15 hours class time.  

	Biology in the NZ Curriculum

ACHIEVEMENT OBJECTIVES
	Achievement Objective

	
	8.2 (b)
	Investigate and explain speciation and identify patterns of evolution, with emphasis on New Zealand examples.


	Achievement Standard 

Biology AS 90717 version 2
	3 Credits 
	Describe processes and patterns of evolution

	Achievement
	Achievement with Merit
	Achievement with Excellence

	· Describe processes and patterns of evolution.
	· Describe processes and explain patterns of evolution.
	· Describe processes and discuss patterns of evolution.  

	Refer to the Explanatory notes and Assessment Specifications for more detail about this standard


	Prior Knowledge and Skills needed to be able to use the Core Knowledge in this unit
	Demonstrated by….

	Define the terms species and population.
	Correct definitions.

	Describe the key ideas that underpin the theory of evolution: genetic variation, competition, differential reproductive success.
	Heritable variation, competition in populations, natural selection.

	Understand the concept of natural selection; recognise that there are different patterns of selection; understand concepts of fitness and adaptation.
	Survival and differential reproductive success in the individuals best suited to the environment at a given time – can be stabilising, disruptive, directional.

	Define gene and allele frequency.
	Correct definitions.

	Define speciation, gene flow, genetic equilibrium.
	Correct definitions.

	Identify sources of genetic variation in a gene pool.
	Crossing over, independent assortment, mutation.

	Identify agents of change that lead to change in a gene pool.
	Immigration, mutation, natural selection, genetic drift, population size, mate selection.

	Define the terms genetic drift, founder effect and bottleneck effect.
	Correct definitions.


	CORE KNOWLEDGE
	Demonstrated by…

	Students will be expected to utilise the core knowledge outlined in the statements below to describe, explain and discuss aspects of evolution in novel and applied situations or examples.

	1
	Define the term species and associated concepts.
	Including biological species concept, cline, ring species, subspecies, demes.

	2
	Define ways in which speciation occurs.
	Define allopatric and sympatric speciation. Changes in populations and species reflect changes in allele frequencies (except after polyploidy).

	3
	Describe geographic barriers and biological isolating mechanisms that prevent gene flow and lead to speciation.
	To include:

· geographical barriers e.g. landform, climate changes and associated sea level changes

· biological isolating mechanisms, including:

· pre-zygotic i.e. temporal (e.g. breeding times), ecological (e.g. habitat differences), behavioural and structural (e.g. morphological) barriers

· post-zygotic i.e. polyploidy.

	4
	Link the role of natural selection to speciation.
	Apply the concepts of disruptive/directional selection to speciation.

	5
	Describe patterns of evolution.
	To include convergent, divergent (incl. adaptive radiation), parallel, co-evolution;the speed of evolutionary change i.e. punctuated equilibrium, gradualism.  Define common ancestor, extinction.

	6
	Describe examples of allopatric and sympatric speciation in New Zealand and factors that may have lead to the speciation in each case.
	New Zealand examples presented with the correct associated biological patterns of speciation for each example given e.g. ratites, Nothofagus.

	7
	Use core knowledge to give reasons for the processes and patterns of evolution.
	E.g. lack of gene flow between two populations separated by a geographic barrier (e.g. river/sea) may permit divergence in gene pools of the populations.  Ultimately this may result in a biological barrier to gene flow and therefore speciation.

E.g. interpreting evolutionary trees and relating to geographic distributions / dispersal routes etc.

E.g. the effect of climate change on evolutionary processes e.g. glacial/interglacial

	8
	Show understanding of the processes and patterns of evolution by using the core knowledge to link ideas e.g. in justifying, relating, evaluating, comparing and contrasting or analysing.  
	E.g. compare and contrast punctuated equilibrium and gradualism as ways in which evolutionary change occurs.  Evaluate the relative speed and the potential degree of genetic divergence of each.


Communicate ideas clearly and succinctly using the biological language relevant to this topic. 

	
	The core language appropriate to this unit is listed in the attached vocabulary list. 
	


	SUPPLEMENTARY KNOWLEDGE

- contributes to the understanding of core knowledge
	Demonstrated by…

	1
	Other post-zygotic mechanisms.
	Hybrid inviability, hybrid sterility, hybrid breakdown.

	2
	Other patterns.
	E.g. anagenesis (‘sequential’ evolution).

	3
	Evidence for evolution processes and patterns.
	Analogous, homologous structures. Vestigial organs. Other: biogeography, the fossil record, comparative anatomy, comparative embryology, molecular biology and observed evolution (e.g. bacterial resistance etc).

	4
	Mass extinction.
	Continental drift, volcanism, meteorites, and their effect on evolutionary change.

	5
	New Zealand conservation.
	Endemic, native species and introduced species.


NCEA Level 3 BIOLOGY:  INFORMATION FOR STUDENTS
Evolution

Achievement Standard:  Biology     AS 90717 
3 Credits 
External Examination 

Title:  Describe Processes and Patterns of Evolution
	Achievement
	Achievement with Merit
	Achievement with Excellence

	· Describe processes and patterns of evolution.
	· Describe processes and explain patterns of evolution.

	· Describe processes and discuss patterns of evolution.


Key Words: These are the words that you are expected to understand when used in questions and be able to use in your answers

Prior Knowledge Vocabulary

	· Adaptation

· Allele Frequency

· Alleles

· Bottleneck Effect

· Competition

· Conservation

· Directional Selection
	· Disruptive Selection

· Endemic Species

· Extinction

· Fitness

· Fossil Record

· Founder Effect 

· Continental Drift
	· Gene Flow

· Gene Frequency

· Gene Pool

· Genetic Drift

· Genetic Equilibrium

· Introduced Species

· Meteorites

· Mutation

· Native Species

· Natural Selection
	· Niche

· Plate tectonics

· Population

· Speciation

· Species

· Stabilising selection

· Variation

· Volcanism




Core Vocabulary

	· Adaptive Radiation

· Allopatric Speciation

· Behavioural Barrier
· Biogeography
· Cline

· Co-evolution

· Common Ancestor

· 
	· Convergent Evolution

· Deme
· Divergent Evolution

· Ecological Barrier
· Evolution
· Geographic Barrier
· Gradualism

· 
	· Macroevolution

· Mass Extinction

· Microevolution

· Molecular Biology
· Parallel evolution
· Polyploidy
· Post-Zygotic Isolating Mechanism
· Pre-Zygotic Isolating Mechanism
· Punctuated Equilibrium

· Ring Species
	· Selection Pressure

· Structural Barrier
· Subspecies
· Supplementary

· Sympatric Speciation

· Temporal Barrier




Supplementary Vocabulary

· Anagenesis


Comparative Embryology


Hybrid Inviability

· Analogous Structures

Homologous Structures


Hybrid Sterility

· Comparative Anatomy

Hybrid Breakdown



Vestigial Organ

	At the end of this unit of work you should be able to use the core knowledge listed in the statements below to describe, explain and discuss aspects of processes and patterns of evolution.  Questions may be presented to you in unfamiliar situations that will require you to recognise and link these ideas together.

	Prior knowledge from Y12 evolution topic

	P1
	Define the terms species and population.
	

	P2
	Describe the key ideas that underpin the theory of evolution.
	

	P3
	Understand the concept of natural selection; recognise that there are different patterns of selection.
	

	P4
	Define gene and allele frequency, speciation, gene flow, genetic equilibrium.
	

	P5
	Identify sources of genetic variation and agents of change that lead to change in a gene pool.
	

	P6
	Define the terms genetic drift, founder effect and bottleneck effect.
	

	
	

	Core knowledge from this topic
	

	1
	Define species concept and the ways in which speciation occurs.
	

	2
	Describe isolating mechanisms (barriers) that prevent gene flow and lead to speciation.
	

	3
	Describe patterns of evolution: convergent, divergent (incl. adaptive radiation), co-evolution, and the speed of evolutionary change i.e. punctuated equilibrium, gradualism.
	

	4
	Describe examples of speciation in New Zealand.
	

	

	In addition the following knowledge will contribute to your understanding of the core knowledge
	

	1
	Other post-zygotic mechanisms.
	

	2
	Other patterns.
	

	3
	Evidence for evolution e.g. anagenesis.
	

	4
	Mass extinction.
	

	5
	New Zealand conservation.
	


Level 3 BIOLOGY

Human Evolution

	TOPIC
	Human Evolution
	TIME
	16-20 hours class time.  

	Biology in the NZ Curriculum

ACHIEVEMENT OBJECTIVES
	Achievement Objective

	
	8.2 (c)
	Examine and interpret scientific evidence on the origins of humans and identify trends in their biological and cultural evolution.


	Achievement Standard 

Biology AS 90719  version 2
	3 Credits 
	Describe trends in human evolution

	Achievement
	Achievement with Merit
	Achievement with Excellence

	· Describe trends in human evolution.
	· Explain trends in human evolution.

	· Discuss trends in human evolution.

	Refer to the Explanatory notes and Assessment Specifications for more detail about this standard


	Prior Knowledge and Skills needed to be able to use the Core Knowledge in this unit
	Curriculum Link

	Define evolution.
	A process of change in allele frequency within a population 

	Key ideas that are used to formulate the theory of evolution x
	Genetic variation, competition in populations, natural selection (differential reproductive success).

	Identify sources of variation in a gene pool.
	Crossing over, independent assortment, mutation.

	Define the terms genetic drift, the founder effect and the bottleneck effect.
	Correct definitions.

	Define the terms species, allopatric and sympatric speciation.
	Correct definitions including biological species concept, cline, ring species, subspecies, demes.

	Describe isolating mechanisms (barriers) that prevent gene flow and lead to speciation.
	Including geographical, biological, pre-zygotic and post zygotic.

	Describe patterns of evolution i.e. divergent, adaptive radiation, gradualism, punctuated equilibrium.
	Including speed of change, common ancestors and extinction.


	CORE KNOWLEDGE
	Demonstrated by…

	Students will be expected to utilise the core knowledge outlined in the statements below to describe, explain and discuss aspects of evolution in novel and applied situations or examples.

	1
	Define hominin, hominid.
	Hominin: living or fossil species of the human lineage.

Hominid: humans + African apes (i.e. gorilla, chimpanzee, bonobo).

	2
	Define human lineage.
	Species involved in human phylogeny:

Australopithecus afarensis, Paranthropus sp., Homo habilis, H. erectus, H. heidelbergensis, H. neanderthalensis, H. sapiens.

	3
	Describe characteristics of species in the human lineage.
	To include:

· features e.g. distribution, period of existence

· selection pressures e.g. habitat, climate.

	4
	Describe trends of biological evolution with respect to skeletal changes linked to bipedalism.
	Trends to include changes in: height, skull (foramen magnum), spine, pelvis, legs, knee, foot, toes, forelimb length.

To include comparison with a non-human ape.

	5
	Describe trends of biological evolution with respect to changes in skull and endocranial features.
	Trends to include changes in:

· the size of the: brain, zygomatic arches, forehead, mandible, Broca’s and  Wernicke’s areas

· the prominence of the: brow ridge, chin

· the degree of: prognathism, facial angle

· dentition (palate shape, diastema presence and size, size of teeth, enamel thickness).

To include comparison with a non-human ape.

	6
	Describe trends of biological evolution with respect to changes in manipulative ability of the hand.
	Trends to include changes in: thumb length (which resulted in more effective opposability), finger shape/length, dexterity

To include comparison with a non-human ape.

	7
	Describe trends in human cultural evolution between hominins with respect to tool manufacture and use.
	Trends to include changes in: manufacture and efficiency of tools, uses of tools, materials used (i.e. stone, wood, bone), differences in tool cultures (Oldowan, Acheulian, Mousterian and the diversification of tools in the Upper Palaeolithic).

	8
	Describe trends in human cultural evolution between hominins with respect to abstract thought.
	Trends to include changes in: communication, language, art.

	9
	Describe trends in human cultural evolution between hominins with respect to methods of acquiring food.
	Trends to include: change from gathering to hunting, domestication of plants and animals.

	10
	Describe trends in human cultural evolution between hominins with respect shelter and comfort.
	Trends to include changes in: use / making of fire, shelter, clothing.

	11
	Describe patterns of dispersal of hominins.
	Describe the multiregional and replacement hypotheses

Describe evidence supporting each hypothesis, to include fossil evidence, mtDNA evidence (historical and current mtDNA), nuclear DNA analysis e.g. Y chromosome genes. To include other dispersal patterns eg. H erectus, coastal vs continental, effect of ice ages?????

	12
	Describe recent developments in interpretations in the light of new evidence.
	E.g. Homo floresiensis, Sahelanthropus tchadensis, Orrorin tugenensis, Ardipithecus ramidus


	Note: Evidence relating to human evolution must be scientific evidence which is widely accepted and presented in peer-reviewed scientific journals

	13
	Use core knowledge to give reasons for trends in human evolution.
	E.g.
Link changes to habitat with resulting selection pressures.



Other relevant selection pressures, as illustrated by:

· Advantages of bipedalism / other biological trends

· Advantages of cultural trends e.g. fire, communication, food supply/sharing

· Advantages of Group living/cooperation.



Ecological / evolutionary changes that were driving factors in dispersal.

	14
	Show understanding of trends in human evolution by using the core knowledge to link ideas e.g. in justifying, relating, evaluating, comparing and contrasting or analysing.  
	E.g.
Justify inferences made from evidence e.g. fossil finds: location, associated material.
Information inferred from fossils e.g. care for infirm/elderly (arthritis/tumours), diet.


Relate consequences and implications of trends e.g. health (fire/cooking).


Increasing behavioural complexity as a result of cultural trends, e.g.:

· Compare / contrast the nomadic and settled lifestyles

· Division of labour, specialisation of skills, trading.


Communicate ideas clearly and succinctly using the biological language relevant to this topic. 

	
	The core language appropriate to this unit is listed in the attached vocabulary list. 
	


	Supplementary KNOWLEDGE

- contributes to the understanding of the core knowledge
	Demonstrated by…

	1
	Characteristics of primates.
	Taxonomic groups, locomotion, posture, vision, social interactions, habitat, diet, presence/function of tail.

	2
	Other species to consider.
	Paranthropus boisei, P. robustus, Australopithecus anamensis, A. africanus, A. bahrelghazali, A. garhi, Homo rudolfensis, H. ergaster.

	3
	Skeletal changes due to diet.
	Thoracic skeletal changes.

	4
	Important fossil finds.
	E.g. ‘Lucy’.

	5
	Reduction in body hair.
	Selection pressures e.g. parasite control, thermoregulation.

	6
	Evolutionary models.
	E.g. Richard Leakey, Colin Groves, Bernard Wood, Don Johanson/Tim White models/Wells.

	7
	Extinction/competition.
	E.g. Homo neanderthalensis, Australopithecus spp. and Homo habilis.

	8
	Modern cultural evolution.
	Technological age, information storage & retrieval.

	9
	Dating.
	E.g. potassium-argon dating, radio-carbon dating for recent H. sapiens.


NCEA Level 3 BIOLOGY:  INFORMATION FOR STUDENTS
Human Evolution

Achievement Standard:  Biology AS 90719  version 2 
3 Credits
External Examination
Title:  Human Evolution

	Achievement
	Achievement with Merit
	Achievement with Excellence

	· Describe trends in human evolution
	· Explain trends in human evolution
	· Discuss trends in human evolution


Key Words: These are the words that you are expected to understand when used in questions and be able to use in your answers

Core Vocabulary

	Taxonomy

· Ape

· Australopithcine

· Australopithecus afarensis
	· Gracile
· H. erectus

· H. heidelbergensis
	· H. neanderthalensis

· H. sapiens
· Hominid
	· Hominin

· Homo habilis

· Human
	· Paranthropus sp.

· Primate

· Robust

	Ecological

· Climate

· Diet
	· Habitat

· Nomadic
	· Selection pressures


	· Sexual dimorphism
	· Savannah



	Anatomical features

· Biological evolution

· Broca’s area

· Brow ridge

· Canine

· Chin

· Cranial vault 

· 
	· Dentition

· Dexterity

· Diastema 

· Facial angle

· Femoral condyles

· Foramen magnum

· 
	· Forehead

· Frontal lobe

· Great toe

· Mandible 

· Molar

· Nuchal crest

· 
	· Opposable thumb

· Palate

· Post cranial skeleton

· Prognathism

· Sagittal crest

· Valgus angle 

· 
	· Wernicke’s area

· Zygomatic arches

· Cerebellum

· Bipedalism

· Enamel

	Cultural

· Abstract thought

· Achulean

· Art/decoration
	· Burial

· Culture

· Cultural evolution


	· Domestication

· Gathering


	· Mousterian

· Oldowan 


	· Social organisation

· Upper Palaeolithic

	Dispersal

· “African Eve” hypothesis

· African

· Archaic

· Asian
	· Competition

· European

· Extinction
	· Fossil evidence 

· Gene flow

· Modern
	· MtDNA

· Multiregional hypothesis 

· Out of Africa hypothesis


	· Populations

· Replacement hypothesis

· Y chromosome


Supplementary Vocabulary

	· A. africanus

· A. bahrelghazali

· A. garhi

· Arboreal

· Ardipithecus ramidus
	· Australopithecus anamensis

· Brachiation

· Carbon dating

· H. ergaster
	· H. floresiensis 

· H. rudolfensis

· Isotope dating
· Knuckle walking

· Orrorin tugenensis
	· P. boisei

· Paranthropus robustus.

· Potassium-argon dating

· Prehensile tail

· Quadrupedal
	· Sahelanthropus tchadensis

· Sexual dimorphism

· Thermoregulation


	At the end of this unit of work you should be able to use the core knowledge listed in the statements below to describe, explain and discuss aspects of human evolution.  Questions may be presented to you in unfamiliar situations that will require you to recognise and link these ideas together.  

	1
	Define hominin, hominid.
	

	2
	Define human lineage.
	

	3
	Describe characteristics of species in the human lineage.
	

	4
	Describe skeletal changes linked to bipedalism.
	

	5
	Describe changes in skull and endocranial features.
	

	6
	Describe changes in manipulative ability of the hand.
	

	7
	Describe changes in tool manufacture and use.
	

	8
	Describe changes in communication, language, art.
	

	9
	Describe changes in methods of acquiring food e.g. change from gathering to hunting, domestication of plants and animals.
	

	10
	Describe changes in fire, shelter and clothing.
	

	11
	Describe possible patterns of hominin dispersal such as the multiregional and replacement hypotheses.
	

	12
	Describe recent developments or new evidence.
	


  In addition the following knowledge will contribute to your understanding of the core knowledge

	1
	Characteristics of primates.
	

	2
	Other species to consider.
	

	3
	Skeletal changes due to diet.
	

	4
	Important fossil finds e.g. ‘Lucy’.
	

	5
	Reduction in body hair.
	

	6
	Models of human evolution.
	

	7
	Extinction and competition between human lineage species.
	

	8
	Modern cultural evolution.
	

	9
	Dating e.g. radio-carbon dating, potassium-argon dating.
	


VOCABULARY STRATEGY - Three Level Reading Guide
The three-level reading guide is designed to help students locate information in text, interpret what the author means, and then apply the information.  The three-level reading guide consists of a series of statements (not questions) divided into three levels:

· Level 1 (Literal) - reading ‘on the lines’ to find what is actually said on the page;

· Level 2 (Interpretive) - reading ‘between the lines’ to infer what the author might mean;

· Level 3 (Applied) - reading ‘beyond the lines’ to relate the information to other knowledge and situations.

Through using a three-level reading guide students first focus on the actual information in the text.  They then think through the information, making links between ideas and interpreting the author’s thoughts.  Finally, they consider the implications of the ideas, making generalisations and critically evaluating the arguments.

A three-level reading guide should be used as an activity to generate discussion among your students.   It provides a structured forum for students to give their views and justify what they say by referring back to the text.  This strategy is not appropriate as a homework exercise or test.

When constructing a three-level reading guide you should:

· select an important aspect of a topic and an appropriate text;

· determine the content objectives for using this resource;

· write the Level 3 statements first, to represent the content objectives;

· write the Level 1 statements next, selecting factual information explicitly stated in the text that will lead towards the content objectives;

· write the Level 2 statements last, to help your students to interpret and make inferences about what the author is saying;

· check that you have some statements that can be interpreted in different ways in order to promote discussion.

There should be 6 to 8 statements at Level 1, 4 to 5 at Level 2 and about 3 statements at Level 3.

When using a three-level reading guide you should:

· introduce the topic and text in the usual way;

· ask your students to read through the text independently (unless you need to read it aloud for the first reading);

· ask your students to work through the reading guide on their own first;

· have them then share, discuss and debate their responses in pairs or small groups;

· facilitate their discussions by clarifying areas of confusion and misunderstanding;

· ensure students explain their answers and justify their views.

Three Level Reading Guide – Template

Decide whether each statement is True (T) or False (F).  Be prepared to explain why you have chosen your answer.

Level One – Literal (reading ‘on’ the lines – factual statements from the text).

____  1.

____  2.

____  3.

____ 4.

____ 5.

____ 6.

Level Two – Interpretation (reading ‘between’ the lines – ideas that are suggested by the text).

____  1.

____  2.

____  3.

____  4.

____  5.

Level Three – Application (reading ‘beyond’ the lines – linking ideas that are suggested and your own understanding of the topic).

____  1.

____  2.

____  3.

Three Level Reading Guide – Protein Synthesis 

Prior to completing, read Chapter 8 – Protein synthesis in Designs of Life by Meg Bayley

Decide whether each statement is True (T) or False (F).  Be prepared to explain why you have chosen your answer.

Level One – Literal (reading ‘on’ the lines – factual statements from the text).

____  1. DNA is much larger than RNA.

____  2. There are some codons that are considered ‘nonsense’ codes as they don’t seem to code for anything.

____  3. The HIV virus contains an enzyme known as reverse transcriptase.

____ 4. There are 20 amino acids which in various combinations produce a range of proteins.

____ 5. The operon theory explains how genes are turned on and off in all cells.

____ 6. The shape of a protein determines its function.

Level Two – Interpretation (reading ‘between’ the lines – ideas that are suggested by the text).

____  1. DNA is a type of RNA.

____  2. tRNA plays a critical role in the synthesis of proteins.

____  3. A dictionary for living things is a good analogy for describing the genetic code.

____  4. Protein synthesis can only occur using DNA as the initial template for transcription.

____  5. Transcription and translation are the two main steps from gene to protein.

Level Three – Application (reading ‘beyond’ the lines – linking ideas that are suggested and your own understanding of the topic).

____  1. Degeneracy in the genetic code is a bit like the spell-check on your computer.

____  2. Understanding protein synthesis provides a complete explanation for the structure and functioning of human beings.

____  3. The DNA inherited by an organism leads to specific traits by dictating the synthesis of certain protein.

	GENE EXPRESSION IN PROKARYOTES & EUKARYOTES





	

	

	

	

	

	

	

	

	

	

	




	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


	GENE EXPRESSION (TEACHERS COPY)




	Both contain structural genes

	Both use RNA polymerase

	Both involve the process of transcription  

	Operate with feedback 




	Clustered together into an operon
	
	Separated

	None
	
	Contains introns

	Occurs simultaneously
	
	Nuclear membrane prevents both occurring at once

	All genes are switched on at once
	
	Genes switched on separately

	Regulatory genes
	
	Enhancers


Definition Activity

This is a useful group activity that can be used at all year levels and with any unit of work. It is a written form of Chinese Whispers. It could be done early in the unit as a formative activity or as revision towards the end.

This is a group activity carried out by students in groups of four.

Select 4 words at a time and make sufficient copies so each student will have one word. Each student is given their word with instructions to keep their word hidden from the rest of the group. 

Each student will write a definition for their word. They then fold the paper so that their word is hidden underneath and pass their paper to the student on their right.

Students then have to write the word corresponding to the definition in front of them. They then fold again to hide the definition and pass it on. Next time round they write a word again etc. When the papers are complete they can unfold and discuss the results.

Definition Activity

	Teacher


	Student 1
	Student 2
	Student 3
	Student 4

	Word
	Definition
	Word
	Definition
	Word

	aneuploidy


	
	
	
	


	Teacher


	Student 1
	Student 2
	Student 3
	Student 4

	Word
	Definition
	Word
	Definition
	Word

	polyploidy


	
	
	
	


	Teacher


	Student 1
	Student 2
	Student 3
	Student 4

	Word
	Definition
	Word
	Definition
	Word

	  allopolyploidy


	
	
	
	


	Teacher


	Student 1
	Student 2
	Student 3
	Student 4

	Word
	Definition
	Word
	Definition
	Word

	autopolyploidy


	
	
	
	


Definition Activity

	Teacher


	Student 1
	Student 2
	Student 3
	Student 4

	Word
	Definition
	Word
	Definition
	Word

	amphiploidy


	
	
	
	


	Teacher


	Student 1
	Student 2
	Student 3
	Student 4

	Word
	Definition
	Word
	Definition
	Word

	purines


	
	
	
	


	Teacher


	Student 1
	Student 2
	Student 3
	Student 4

	Word
	Definition
	Word
	Definition
	Word

	  pyrimidines


	
	
	
	


	Teacher


	Student 1
	Student 2
	Student 3
	Student 4

	Word
	Definition
	Word
	Definition
	Word

	karyotype


	
	
	
	


Eukaryotes





Prokaryotes





HOW ALIKE











HOW DIFFERENT











WITH REGARD TO



































Eukaryotes





Prokaryotes





HOW ALIKE











HOW DIFFERENT











WITH REGARD TO





Position of genes





Introns





Transcription & translation





Regulation of genes





Initial activation
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