Class Activities with Plant Phenomics

1. Focus question: What is meant by phenotype?

Reference: 

Plant Phenomics resource: page 4

Activity for Year 6 – 7

Australian Curriculum references Science K -10: 

Year 6: 
· The growth and survival of living things is affected by the physical conditions of their environment.

Question: Will all seeds of the same type (species) of plant grow in the same way if environmental conditions are identical?

Equipment:

· Quick growing seeds such as radish or brachypodium

· Soil, sand or potting mix

· Gloves

· Growing pots

Prior knowledge from Year 4 Australian Curriculum – Science

· Living things have life cycles

· Living things, including plants and animals, depend on each other and the environment to survive

Step 1 

Checking prior knowledge:

· What do plants need from their environment? Minerals, water, air, sunlight and a medium in which to grow.
· What are the steps in a plant’s life cycle? 

For flowering plants 
Seed 

Seedling 

Seedling  

Mature plant

Mature plant flowers and produces seeds.
Step 2

Teacher leads with key questions:

a. What features of a plant can we use to describe its appearance? (Look for features such as leaf shape and size, leaf colour [light or dark green], height of plant, stem branching, arrangement of leaves etc.) The appearance of a plant can be called its phenotype.
b. What words will we use to describe the plant structures? (For example, are its leaves smooth or rough? Is the upper surface of the leaf similar to the lower surface?)
c. What measurements can use to describe a plant? (For example, what is the surface area of the leaf? What is the height of the plant? How many leaves does it have?)
d. What features of a plant can we investigate to answer the question above?

Step 3

The investigation: 

Planning stage:

a. Ask your students to work in groups and decide on a plant structure that each group will measure. Once they have decided on the plant structure to measure, encourage each group to frame a question such as: Will all the seeds germinate to produce plants with the same leaf length?
b. Work with your students to ensure that the investigation is a fair test by ensuring that all conditions are kept the same and the only factor to measure is for example, the length of leaf. This will require determining what aspects of the germinating environment are kept identical. For example, if the seeds are to be grown in separate pots, is the soil identical? How will they make sure the light is the same? How will they make sure the water conditions are the same? Should we grow the seeds outside or in the classroom? Does temperature have an effect?
c. Work with your students to enable them to develop lists of equipment they need.

Conducting stage:

a. In groups, students set up the seed growing investigation

b. Each group identifies a recorder, and back-up to assist with keeping conditions constant in each pot of seeds

c. As seeds germinate, the specific feature to be observed is measured and described.

Analysing stage:

a. Each group analyses its results to determine if the question of the investigation has been answered.

b. The conclusions by each group are then shared with the whole class.

Further investigations 

The Australian Curriculum- Science Year 6 statement provides an opportunity to expand on this simple investigation to expand the investigation out to include other variables such as 

· Temperature – germinate seeds in warm environment, in cold environment, vary temperatures

· Vary water availability

· Vary type of soil.

To demonstrate to students that environment does impact on the phenotype of a plant, they should be led to understand the importance of ensuring the use of the same species of seeds from the same supplier to ensure that inherited characteristics are kept constant. 

Activity for Years 9-10

Australian Curriculum References – Science 7-10

Biological Sciences Strand

Year 9 

· Multi-cellular organisms rely on coordinated and interdependent internal systems to respond to changes to their environment

Year 10

· The transmission of heritable characteristics from one generation to the next involves DNA and genes

Science Inquiry Strand

· Formulate questions or hypotheses that can be investigated scientifically

· Plan, select and use appropriate investigation methods, including field work and laboratory experimentation, to collect reliable data; assess risk and address ethical issues associated with these methods

· Select and use appropriate equipment, including digital technologies, to systematically and accurately collect and record data

· Analyse patterns and trends in data, including describing relationships between variables and identifying inconsistencies

· Use knowledge of scientific concepts to draw conclusions that are consistent with evidence

· Evaluate conclusions, including identifying sources of uncertainty and possible alternative explanations, and describe specific ways to improve the quality of the data

Activity 

Equipment:

· Quick growing seeds such as radish or brachypodium

· Soil, sand or potting mix

· Gloves

· Growing pots

Extract from http://www.primalseeds.org/bioloss.htm 

Since the beginning of agriculture farmers have encouraged and developed many different traits in cultivated crops by the selective sowing of seed. Differing conditions between one village farming community and another resulted in the development of locally adapted varieties. Eventually hundreds of thousands of distinct varieties of widely cultivated crops evolved. These varieties are known as landraces. 
With the advent of modern plant breeding much of this diversity has been lost. European landraces had disappeared by the early twentieth century and information regarding traditional varieties is very scarce.
The main reason for the loss of traditional varieties is their replacement by modern varieties. The expansion of cash crop agriculture and pasture to feed cattle has contributed to the decrease in the amount of land farmed by small farmers who are more likely to rely upon and preserve the landraces.

This form of artificial selection for agricultural purposes has reduced the genetic diversity of modern crops. 

i. Ask your students to form small groups, select a single vegetable or fruit type such as carrot or apple and develop a list of favourable characteristics (phenotypes) for their chosen form of plant food.

ii. Lead a class discussion into the steps that are taken to “select” and grow the ideal plant food type. The terms “phenotype” and “genotype” can be introduced along with the concept of “genes”.

iii. At this point, distinguish between the two main forms of agricultural and horticultural plant breeding strategies:

a. Selection of seed from suitable phenotypes (sexual reproduction).

b. Selection of cuttings and grafting from suitable phenotypes (asexual reproduction or vegetative propagation).

iv. Pose the question and lead a class discussion on the following question: which form of plant breeding would, potentially, enable some genetic diversity to be maintained in a food species?

v. At this point in the lesson sequence, students could plan, and set up a procedure to test the genetic diversity in a seed sample from a single species? During the planning stage, outline the importance of controlling all variables except that being tested. (Use this opportunity to review the impact of environmental factors on phenotype). Ask students to brainstorm and list possible variables that could interfere with plant growth

· Water

· Soil

· Light

· Temperature

· Wind – weather if plants are to be grown outside of the classroom.

As the investigation will take some time to complete, students will also need to plan a regime of maintaining the conditions where seeds are growing as well as decide on the measurements to be taken and results to be analysed.

vi. When the plants mature and seed, allow the class to pool results to assist in analysis of their data and to draw conclusions about the above question.

Further investigations
1. If there is genetic variability within a species, how can this variability be used to identify the potentially most productive food source in a food species such as wheat? (refer to page 11 “Plant phenomics” for a starting point for discussion.) Students could research this question through secondary sources of information or pose further ideas that could be tested in an investigation using a plant species with a rapid life cycle.

2. Investigating asexual reproduction: as a class project, students could be introduced to the broad range of strategies used to ensure genetic consistency and achievement of the desired phenotype. Some examples that could be trialled in the classroom include:

· Using eyes from potatoes

· Taking cuttings of plants such as geraniums or coleus

· Bulbs of onions, 

· Corms

http://plantphys.info/plants_human/vegprop/vegpropn.shtml has some illustrated examples of vegetative propagation. 

3. A case study: bringing back the Wollemi pine. The use of seeds as well as cuttings to increase the availability of a rare species can be tracked through the story of the discovery and propagation of the Wollemi pine. The focus of the case study could be in the context of varying genetic diversity through plant propagation. Which method will increase genetic diversity more effectively? http://www.wollemipine.com/index.php is a useful website.

2.  Focus question: Food for a hungry world?
Reference: 
Plant Phenomics pages 9 – 12. These pages provide a readily accessible description and explanation of the methods being used to identify strategies for increasing the productivity of food crops.

Activity – Year 7-8

Australian Curriculum references

Science as a Human Endeavour

· Science understanding influences the development of practices in areas of human activity such as industry, agriculture and marine and terrestrial resource management.

· Science and technology contribute to finding solutions to a range of contemporary issues; these solutions may impact on other areas of society and involve ethical considerations.

Science Inquiry skills

· Construct and use a range of representations, including graphs, keys and models to represent and analyse patterns or relationships, including using digital technologies as appropriate
Activity 

a. Internet research and percentage calculation: An excel spreadsheet on world populations from 1950 onwards can be downloaded from http://esa.un.org/unpd/wpp/Excel-Data/population.htm
i. Copy and complete the following table to show the changing world population for at least the last 20 years. To do an accurate comparison with the graph below, students could compare world population growth from 1967. (Students with experience in table design can be challenged to design a table and mathematical calculations that will provide world population statistics to compare with the crop statistics in the table below.)

	Year
	Column A

Estimate World Population A
	Column B

Increase 
	% Increase

Column B  x 100
Column A

	1989
	
	
	

	1992
	
	
	

	1995
	
	
	

	1998
	
	
	

	2001
	
	
	

	2004
	
	
	

	2007
	
	
	

	2010
	
	
	


ii. To analyse this data, ask the students to select, draw up and complete a graph type to demonstrate the percentage increase in world population. 

iii. Increasing numbers of people in the world means that increasing amounts of food must be grown. Does the graph below indicate that increases in food production are keeping pace with increasing world populations? 
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b. At this point, ask students to decide on a reason why the CSIRO has focused on the yields of maize, wheat and rice. http://www.fao.org/docrep/u8480e/u8480e07.htm is a useful website to begin exploration of the following ideas.

Discussion could include:

iv. the meanings of the terms “staple food” and “cereal” to describe food crops,

v. places in the world where these crops grow best,

vi. reasons for the importance of these crops,

vii. conditions needed for optimum growth, 

viii. the meaning of the term “food security.”

As an assessment of student understanding, ask them to explain: “Why is the world food situation often assessed in terms of availability of rice, maize and wheat?

c. Introduce the work of the Plant Phenomics unit at the CSIRO to outline the ways in which scientists are working to improve the yield of plants used as food (pages 10 –12). To give students some idea of the importance of the CSIRO work, http://www.fao.org/giews/english/cpfs/index.htm provides information on the world food situation and crop prospects in quarterly reviews.

3. Focus: Supercharging Photosynthesis
Activity Years 10 – 11
Photosynthesis is the fundamental biochemical process, which captures the sun’s energy, transforms it and makes energy available in a form usable by the rest of the living world through food chains and food webs. Research into methods of increasing output from photosynthesis in plants will increase the availability of food resources for humans. 

Ideas for use of this activity

· Depending on the depth of your students’ prior learning, this activity could be stretched out with the inclusion of practical investigations at each step along the way. 

· The activity could be used as a guided web quest interspersed with hands-on activities. 

Australian Curriculum references:

Science Understandings 

Year 10 

· Different types of chemical reactions are used to produce a range of products and can occur at different rates

Science as a Human Endeavour

· Advances in scientific understanding often rely on developments in technology and technological advances are often linked to scientific discoveries

Preparation

1. Structure of a cereal plant:
· Wheat or brachypodium seeds

· Petri dishes, jam jar lids or similar growing surface

· Cotton wool or blotting paper
Germinate the seeds so students can identify the structures of a cereal plant. Perhaps you can grow some lawn grass or tradescantia sp. to demonstrate the vegetative propagation that grasses use to spread. Including the latter would allow students to recognize a noxious weed in their gardens.

2. Reviewing the process of photosynthesis

If your students have not previously investigated the conditions necessary for photosynthesis, they should do so now. As most investigations include the test for starch as an indicator of photosynthesis, it will be important for their conceptual understanding to emphasise starch as a storage product for the glucose actually made in photosynthesis.

Some examples of activities available online include:

http://www.practicalbiology.org/areas/introductory/energy/photosynthesis/  has activities for testing the conditions necessary for photosynthesis and uses leaves that have been exposed to different amounts of light or carbon dioxide, or that do not contain chlorophyll in every cell. Well worth a visit.

http://www.saps.org.uk/secondary/teaching-resources/284-investigating-the-behaviour-of-leaf-discs-   To quote: This provides a way for students to get hands-on when investigating photosynthesis. Students punch out small discs from leaves, and float them in a syringe of sodium hydrogen carbonate solution. Once gas is evolved by photosynthesis, the leaf discs rise and fall. Students can compare the rate of photosynthesis in sun and shade plants and at different light intensities, amongst many other factors. Files available for download include a 2-page investigation description, as well as student and teacher notes as word documents.
http://www.youtube.com/watch?v=C1_uez5WX1o is a simple little song on YouTube that might be worth downloading.

3. Movement of chemicals in and out of the plant leaf. 

Whilst students at Year 10 –11 level will have heard of diffusion in earlier years, it may be necessary to review this process and the concept of movement of substances from areas of high concentration to lower concentration in the context of the internal and external cellular environments in the plant leaf as well as between the inside of the plant leaf and the external atmospheric environment. Search http://www.biology-resources.com/biology-experiments2.html under the heading of “Transport in Plants” and under the “Diffusion” heading, to select appropriate activities which can be done either as demonstrations or hands-on activities for your students. 
4. What is happening at cellular level in plant leaves?

The purpose of this section is to bring confirm student understanding of the structure of plant cells, the specialisation of plant organelles and the role of chloroplasts. 

If microscopes are available, guide students through the steps involved in making wet-mount slides and viewing them at microscopic level. www.mysciencebox.org/files/cells_lab_handout.doc has instructions for making onion epidermis and elodea slides.

5. Bringing it all together requires students to;

a. Identify the sources of the raw materials of photosynthesis

b. Identify the products of photosynthesis

c. State the importance of photosynthesis to life on Earth

This activity could be designed as an assessment task to identify any holes in knowledge and understanding of photosynthesis and/or any misconceptions that may have developed.

6. Supercharging photosynthesis: this important step in the activity uses the information provided in the Plant Phenomics booklet to identify

a. Variations in photosynthetic adaptations in plants (C3 and C4) and the adaptive advantage of C4 plants.

b. Current research and its importance for future food production.

Prior knowledge

Science education research has identified extraordinary examples of the lack of understanding of the inputs and outputs of photosynthesis. For students to grasp the importance of the CSIRO plant phenomics research into photosynthesis it is important to identify any misconceptions on what photosynthesis means to the living world.

Students will have studied the following mandatory dot points from the Australian curriculum:

Year 7

· Interactions between organisms can be described in terms of food chains and food webs; human activity can affect these interactions.

Year 8

· Cells are the basic units of living things and have specialised structures and functions.

· Multi-cellular organisms contain systems of organs that carry out specialised functions that enable them to survive and reproduce.

Year 9

· Ecosystems consist of communities of interdependent organisms and Abiotic components of the environment; matter and energy flow through these systems

· Chemical reactions, including combustion and the reactions of acids, are important in both non-living and living systems and involve energy transfer

None of the above dot points specifically names photosynthesis as a process and nowhere are the inputs and outputs of photosynthesis specifically mandated. With the possibility that students may not have been introduced to the concept, the activity below begins with an introduction and review of student understanding of photosynthesis.

1. Reviewing the structure of a cereal plant

[image: image2.png]Xz}%




source: http://en.wikipedia.org/wiki/File:Grass-plant-structure.png
Use the above image or similar to stimulate brain storming about the structure of plants and the function of each part of the plant. http://www.biology4kids.com/files/plants_main.html could be used to introduce younger students or less able students to plants, their structure and function.

Ask students to fill in the table below without reference to any resources. How much do they know about plants? In using the diagram above, the role of rhizomes and stolons as vegetative reproductive organs can also be included.

	Structure
	Function
	Chemicals exchanged with environment through this structure

	root
	
	

	stem
	
	

	leaf
	
	

	flower
	
	



2. Reviewing the process of photosynthesis

Do you believe that your students may already know about photosynthesis as a key biochemical process related to energy transformation? There is a simple flow chart available at http://www.talkabouttrees.org/docs/09-10.pdf  that might be a good starting point. The diagram below may also assist in helping students to revise their understanding of the key changes caused by photosynthesis. Ask your students to develop a word equation to describe inputs and outputs of photosynthesis. 
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Source: http://www.osovo.com/diagram/photosynthesisdiagrams.htm Note that the diagram appears to have glucose leaving the leaf and entering the air. This is, of course, not the case! Perhaps you could challenge your students by asking them to find the error in this diagram as an example of the importance of checking secondary sources of information for accuracy?


3. Movement of chemicals in the plant leaf.

The role of stomates in the diffusion of gases in and out of the leaf should be emphasised at this point in the development of the concept of plant adaptations for photosynthesis. Traditional investigations of transpiration and diffusion can be used to model the role of stomates in the diffusion of carbon dioxide and oxygen in and out of the plant. http://www.youtube.com/watch?v=vPn5w7XhI8Y is brief but demonstrates the nature of diffusion through a membrane effectively.


4. What is happening at cellular level in plant leaves?

This section will require some revision of the structure of cells and the differences between plant and animal cells. It will also require students to revise the organisation of multi-cellular organisms into organ systems. 

The plant leaf is an organ with specialised cells within that organ. Cells carrying out photosynthesis will contain chloroplasts. http://www.youtube.com/watch?v=LTglday5zak&feature=related has nice footage of chloroplast movement in Elodea cells and can be used to illustrate cytoplasmic streaming.
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image source: http://en.wikipedia.org/wiki/File:Leaf_Tissue_Structure.svg  

http://www.cellsalive.com/cells/cell_model.htm has an interactive model of a plant cell, which students could use to draw up and complete the following table.

	Cell organelle
	Diagram 
	Role within the cell

	
	
	

	
	
	

	
	
	



5. Bringing it all together 
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Source http://www.caribbeanedu.com/kewl/science/science04d.asp

Design and draw up a flow chart to summarise the steps in the process of photosynthesis from uptake of water in the roots and intake of carbon dioxide.

6. Supercharging photosynthesis
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Use the images and information of page 10 of the Plant Phenomics booklet to compare and contrast the leaf structure of C3 and C4 plants.

Use this website http://www.palaeobiology.org.uk/projects_05.htm  as a starting point for student research into the following questions:

1. C4 plants open their stomata at night and close them during the day, which is the reverse of other plants. Closing stomata during the day helps conserve water but prevents CO2 from entering the leaves. As CO2 is necessary for photosynthesis and part of the photosynthetic reaction uses energy from sunlight, how does the C4 plant survive? 
2. What are the adaptive advantages of the C4 photosynthetic mechanism? 
3. Can the C4 photosynthetic mechanism be described as a phenotypic adaptation? Explain.
4. Why is the CSIRO interested in researching C4 plants further?
Web Quest Search Words


Stem


		Leaf


	


Root		Bulb


				Node 


Grass


	Cereal	


			Stolon 


Rhizome	Corm  





Web Quest Search Words


Photosynthesis


		Leaf		Energy 


	Starch 


Root		Carbon dioxide


			Chlorophyll 


Grass


	Sunlight


			Water 


Sugar		Glucose 





Web Quest Search Words


Stomate	Evaporation 


		Guard cell


	Membrane


Diffusion		Atmosphere


		Oxygen  


Transpiration		Epidermis


	Photosynthesis


			Carbon dioxide


Wax 	Water     Humidity 





Web Quest Search Words


Organelle 


		Leaf


Chloroplast		nucleus 


				Membrane	


Cell wall


	Mitochondria


			Golgi body


Plant	Ribosome   
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